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XXV. Astronomical Experiment on the Peak of Teneriffe, carried out under the sanction 

of the Lords Commissioners of the Admiralty. By Professor C. Piazzi Smyth. 

Communicated by G. B. Airy, Esq., Astronomer Royal. 

Eeceived June 2, — Bead June 18, 1857. 

CHAPTER I. 

INTEODUCTOEY. 
(1.) Origin and Objects. 

The principal object of the experiment on Teneriffe in the summer of 1856, was to 
ascertain how much astronomical observation can be benefited, by eliminating the lower 
third or fourth part of the atmosphere. That the amount of such improvement would 
be large and form a desirable boon to practical astronomy, appears to have been 
expected by Sir Isaac Newton ; for in his c Optics ' he expressly says, " They (telescopes) 
cannot be so formed as to take away that confusion of rays which arises from the tremors 
of the atmosphere. The only remedy is a most serene and quiet air, such as may per- 
haps be found on the tops of the highest mountains above the grosser clouds." 

After having enjoyed some slight practical experience of the method so recommended, 
during the remeasurement of La Caille's Southern Arc of the Meridian under 
Mr. Maclear, its further prosecution was brought prominently to my attention by the 
peculiar position of the Edinburgh Observatory. Accordingly, in November 1852, I had 
the honour of presenting to the Board of Visitors, under the Presidency of the Right 
Hon. Lord Rutherfurd, a scheme for realizing Newton's idea through means of a summer 
expedition to the Peak of Teneriffe ; where there appeared a hope that telescopes might 
be elevated more than 10,000 feet above the level of the sea, with greater facilities of 
every sort, than on any other known mountain. The same project was also brought 
before Section A. of the British Association, three years later. 

In the autumn of 1855, a copy of the Edinburgh Observatory Report reached the 
hands of R. Stephenson, Esq., M.P. ; and he found its indications to agree so well with 
his own experience in early life on South American Cordilleras, that, though we were 
entirely unacquainted, he very kindly sent me, through a mutual friend, an offer of a 
passage to Teneriffe in his yacht 'Titania.' Circumstances, however, prevented my 
profiting by his kindness on that occasion. 

Finally, in the spring of 1856, the Astronomer Royal, G. B. Airy, Esq., having 
himself engaged in some special astronomical inquiries, where success was rendered 
impossible by interference of the atmosphere ; and having become convinced of the per- 
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feet practicability of making an experiment on the Peak of TenerifFe, — laid a statement 
to that effect before the First Lord of the Admiralty, the Right Honourable Sir Charles 
Wood. 

That Minister instantly saw the importance of the proposition, and entering most 
warmly and liberally into it, at once agreed to furnish such funds as would enable me 
to proceed immediately to Teneriffe ; and, with due permission from the Spanish autho- 
rities, make trial of the capabilities of the mountain. The first estimate amounted to 
£300 ; but so noble a view did the Admiralty take of the matter, that they inquired, 
through their Hydrographer (Captain Washington), if £300 was not too small a sum 
for the efficient performance of the service. Having in the meantime received good 
reasons from Mr. Airy for taking out a larger telescope than I had at first contemplated, 
I sent in a second estimate for £500, and it was immediately authorized. 

The spring being now well advanced (May the 2nd), there was but short time to pre- 
pare ; and it is here proper again to express my obligations to the Admiralty, who left 
me unfettered by any instructions, except the very reasonable one of not exceeding the 
grant. The preparations therefore went on rapidly in May and June. 

Meanwhile the Admiralty wrote to the Eoyal Society, the Royal Astronomical Society, 
the British Association, Sir John Hersciiel, Mr. Airy, and the Director of the Ordnance 
Survey, informing them of the authorization, and inquiring if they had any suggestions 
to offer. 

These several parties highly approved of the measure, but sent in propositions for so 
much additional work, that the whole scale of the mission, its time for preparation, and 
for execution, its materials, men, and money, would have had to be greatly extended to 
include them all. Many reasons, however, dictated the propriety of keeping to the 
original idea, of making the experiment for the summer of 1856 a tentative one merely. 

A capability nevertheless of attending to many of the very important suggestions thus 
made, and without exceeding the Admiralty allowance, was acquired before long 
through the liberal loans made by private individuals. The number and value of these 
are so interesting a proof of the estimation in which the undertaking, as an attempt to 
solve an important problem in practical astronomy, was viewed by the scientific men- of 
Great Britain, that they may well be entered here. 

(1.) Actinometer, Magnetometer, two Radiation thermometers, Electrometer, Spec- 
trum apparatus, and Polarimeter. By G. B. Airy, Astronomer Royal. (2.) Equatorial 
instrument; the telescope 11 feet in focal length, and 1\ inches aperture with clock 
motion. By H. L. Pattinson, Esq., of Newcastle-on-Tyne. (3.) A Quartz train for 
spectrum observations. By Professor G. G. Stokes. (4.) Mountain Barometer, and 
six thermometers. By Dr. Lee of Hartwell. (5.) Mountain Barometer, and four 
thermometers. By J. Adie, Esq., of Edinburgh. (6.) A Thermo-multiplier. By 
J. P. Gassiot, Esq., F.R.S. (7.) Four barometers, twelve thermometers and hydro- 
meters compared at the Kew Observatory, with blank books and maps. By Admiral 
FmRoY on the part of the Board of Trade. (8.) Four Chronometers. By the Hydro- 
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grapher to the Admiralty, Captain Washington. (9.) Double Sextant. By Admiral 
Beechey. (10.) Polarization apparatus. By the Rev. Baden Powell. (11.) Plane 
speculum and apparatus to facilitate the observation of red prominences round the sun. 
By J. Nasmyth, C.E. (12.) Eyepieces and adaptations to Equatorial. By T. Cooke, 
Esq., of York. (13.) Lastly, by Robert Stephenson, Esq., M.P., was made the loan of 
his yacht ' Titania' of 140 tons, and with a crew of sixteen men, for the voyage out and 
home, and during the whole period of the experiment. 

In addition to the above instruments, I took from the Edinburgh Observatory the 
5-foot equatorial, presented some years since by the late Eev. R. Sheepshanks ; and re- 
ceived much kind assistance from Admirals Mannees and W. H. Smyth, Sir David 
Brewster, Mr. Welsh of Kew, and J. J. Forrester, Esq. ; while in their official capacities, 
Lord Clarendon, J. Murray, the British Consul in Santa Cruz, and A. Goodall, acting 
Vice-Consul in Orotava, rendered important services ; and I have to mention with thanks 
my obligations to the Spanish authorities, to L. Hamilton, Esq., C. Smith, Esq., Don 
Francisco Aguilar, Don Martin Rodriguez, Mr. Andrew Carpenter, and Herr Kreitz, 
all of Teneriffe ; as well as to the Brazilian Steam Packet Company. 

(2.) Instructions and Suggestions. 

The leading object given to me was, as already stated, to ascertain how much astrono- 
mical observation can be benefited by raising telescopes high into the air, and so enabling 
an observer to look at the celestial bodies through a less depth of atmosphere than 
they could from any of the ordinary observatories, established as they are, at or near the 
level of the sea. 

If we could rise high enough above the clouds, not only should we at once have clear 
in place of cloudy skies, — no mean advantage in itself, as enabling us to increase the 
number of observations, — but their quality, a matter of far higher importance, would be 
advanced at the same time. For in proportion as the atmosphere itself is overpassed, 
so are the irregularities in its action on rays of light passing through it ; and these 
irregularities are precisely what form the chief bar to accuracy of instrumental measure, 
and to certainty of telescopic vision. 

On the other hand exist the drawbacks, that on a high mountain it may be difficult to 
drag up the largest class of telescope, and impossible to build a large observatory ; and 
though the air be thin and transparent, it may be in such a state of motion as to be 
prejudicial to the steadiness of instruments ; or again, the mountain top may be always 
enveloped in a local cloud. The exact value of these objections was only to be found 
by actual trial ; and that, if they should be overcome, a new gateway would be opened 
up in the paths of science, not astronomical only, but of many allied subjects, may be 
gathered from the very important mass of suggestions sent into the Admiralty by their 
several referees, as below. They show indeed, what might be expected from a good 
mountain station, well worked for a series of years, rather than what a preliminary experi- 
mental trial on a small scale would be able to accomplish in a few weeks. 
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I. — Letter from G. B. Airy, Astronomer Boyal, to the Secretary of the Admiralty \ dated 

13th May, 1856. 

" Sir, — I have the honour to acknowledge your letter of the 2nd instant, acquainting 
me with the sanction of the Lords Commissioners of the Admiralty to a grant of £500 to 
Professor Piazzi Smyth for defraying the expenses of an astronomical visit to the Peak 
of Teneriffe, and requesting me to communicate any suggestions for the due carrying 
out of this project, which may occur to me. 

" 2. In reply, I would first submit to My Lords, that though it is desirable that some 
document of the character of Instructions should be issued, as indicating their Lordships' 
general understanding of the grounds on which they have sanctioned this appropriation 
of public money, yet on the other hand it is most desirable that the several heads should 
be so lightly stated, as to leave Professor Smyth in the most absolute freedom as to his 
general course of action. 

" 3. First, I would state as the recommendation of their Lordships, that Professor 
Smyth should consider the object of his expedition to be not so much to obtain specific 
and determinate results, as to ascertain what may be done, or what may be expected 
in future expeditions to places under the same atmospheric circumstances. The main 
thing is, to discover how much astronomical observations may be benefited by the 
removal of the injurious influence of the lower third part of the atmosphere. At the 
same time, there are some specific observations, requiring little time, and naturally 
falling in with the general series, which it is well to mention by name. 

" 4. Among these, the first beyond all doubt is to endeavour to ascertain whether the 
red prominences which have been seen on occasions of total eclipses of the sun, and which 
seem to be connected with the sun's body, can be seen upon the uneclipsed sun, when 
the atmosphere is so rare and so pure that the diffused light in the proximity of the 
sun's disk becomes practically insensible. 

" 5. It is very desirable that careful observations should be made on the zodiacal 
light, and that these should be continued through all hours of the night, and espe- 
cially about midnight. Observations lately published have led several persons to 
suppose that the matter whose illumination exhibits the zodiacal light surrounds not 
the sun, but the earth ; and this could probably be definitively settled on the Peak of 
Teneriffe. 

" 6. The scrutiny of the appearances of some double stars and nebulae, and more 
especially that of the disks of the moon, the planets, and their satellites, obviously pre- 
sents itself as an important object. Perhaps, however, it is to be desired that the obser- 
vations should be so framed as to determine what can be done, rather than at present 
to carry out any laborious series of special observations. 

" 7. In the related subject of optics, it is to be desired that measures of the polarization 
of the light and determinations of the plane of polarization, be made in different parts 
of the sky, and be compared with similar observations made at the bottom of the 
mountain. 
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" 8. It is also desirable that Fraukhofer's spectral lines should be observed with 
various elevations of the sun, and in different parts of the sky, and should be compared 
with observations made at the bottom of the mountain. 

" 9. The determination of the comparative horizontal intensity of terrestrial magnet- 
ism above and below would be useful, unless the magnetism of the mountain should 
vitiate all magnetic observations. 

" 10. A few observations of temperature at various times, radiation, moisture, and 
electricity, are to be recommended. These, like all those last mentioned, should be 
comparative. 

"11. Advantage may be taken of a residence on the mountain for making such an 
examination as will decide whether the mountain is a favourable one for experiments on 
the attraction of mountains. It will be borne in mind, that if not favourable for deter- 
mining the attraction north and south by means of the zenith-sector, it may be favour- 
able for determining the attraction east and west by means of the transit instrument, 
provided that it is possible to carry a galvanic communication over the mountain. 

" 12. If the general tenor of the observations, which Professor Smyth shall be able to 
make, leads him to think that material advantage may be produced to astronomy by the 
establishment at some future time of an observatory of more permanent character at a 
great elevation, the mountain may be examined for the purpose of deciding whether it 
is upon the whole a favourable place for such an establishment, and what point of the 
mountain will prove practically the best locality. 

" 13. In submitting to their Lordships these drafts of suggestions, I would beg leave 
again to refer to the opinion which I have expressed in article 2, that it is desirable 
that Professor Smyth be fettered as little as possible by instructions. 

" I have the honour to be, Sir, 

" Your very obedient Servant, 

(Signed) " G. B. Airy. 

" 1856, May 29th. 
"Additional Suggestions for Professor C. P. Smyth, by G. B. Airy. 

" Observations for the height and duration of twilight. 
Dip of the sea-horizon. 
Eefractions near the horizon. 
Solar radiation." 

II. — Letter from Sir JoHtf Herschel to the Secretary of the Admiralty, 
dated Collingwood, 5th May, 1856. 

" Sir, — In reply to your letter of the 2nd inst, informing me that the Lords Com- 
missioners of the Admiralty have been pleased to sanction a grant of £500 to meet the 
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expenses of an astronomical expedition to the Peak of Teneriffe, to be undertaken by 
Professor Smyth of Edinburgh, and that their Lordships wish me to furnish them with 
any suggestions I may have to offer for the better carrying out the project; — 

" 1st. I have to state, that I consider the opportunity a very valuable one for obtain- 
ing an extensive and normal series of comparative actinometric observations, made 
simultaneously (strictly so) on the summit of the mountain and at the level of the sea, 
with actinometers provided with interior thermometers (not mercurial). These instru- 
ments, and the mode of using them, are fully described in the section on Meteorology, 
and forming part of the ' Manual of Scientific Inquiry ' published by authority of their 
Lordships in 1849; the object being the determination of the proportion of the solar 
heat absorbed by the atmosphere between the two limits of altitude. Should circum- 
stances permit, an intermediate station, about half-way up the mountain, would afford 
valuable supplementary observations. Such observations, taken at the time of the sun 
being vertical, would be very precious, but the series should be extended to every alti- 
tude of the sun down to the horizon. 

" 2nd. It has been stated, that at a place considerably lower than the actual summit 
of the Peak, there occur caverns on the mountain side, in which, though beneath the 
limit of perpetual snow proper to those latitudes, the temperature is always below the 
freezing-point. The fact (which is not without analogous ones elsewhere) should be 
inquired into, accurate observations made, and the concomitant circumstances carefully 
recorded. 

" 3rd. The opportunity will of course not be lost of ascertaining by comparative 
observations, with one and the same telescope, in England, at Orotava, and on the sum- 
mit of the Peak, what degree of advantage, in point of optical performance, is obtained 
by change of climate, and by ascent into a clearer and rarer atmosphere. The selection 
of proper objects of comparison, such as nebulae, clusters, double stars, &c, must be left 
to the observer's judgment. 

" 4th. The spots of the sun will probably be observed to very much greater advantage 
at so elevated a station, and by the aid of Mr. Dawes' eyepiece, their physical pecu- 
liarities may there be examined with every prospect of obtaining some distinctly new 
information. There, too, if anywhere, it may be possible, by careful management, to 
obtain a sight of the red protuberances from the sun's limb, which on the plains can 
never be seen but on the occasion of a total eclipse. 

" 5th. As Mr. Smyth is an expert photographer, he should be provided with an appa- 
ratus for obtaining photographic impressions of everything worthy of record, inter alia, 
the great Dragon Tree of Orotava (supposed to be the oldest tree in the world), from 
several points of view. Of course accurate girth measurements of this most wonderful 
object, at several levels from the ground (defined by marks left on the trunk), will not 
be neglected. 

" 6th. The polarization of the sky light, at the summit of the mountain, should be 
carefully examined, and the point of maximum polarization, with respect to the sun's 
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place, determined with the greatest attainable precision for homogeneous light of some 
definite refrangibility, as well as the ratio of polarized to unpolarized light. 

" 7th. A very interesting series of astronomical observations on refraction might be 
made, should time be allowed, if a good altitude and azimuth instrument could be 
furnished, and erected at or near the summit ; consisting in determining the form of the 
apparent diurnal orbit of a star passing through the zenith, and a Andromedse would be 
an excellent star for this purpose. It passes almost exactly through the zenith of the 
Peak ; and supposing the observer to be there in August, it rises about three hours after 
sunset, and reaches the zenith about as much before sunrise, affording the most favour- 
able conditions for regularity in the disposal of the atmospheric strata. 

" 8th. The observer's attention should be directed to any instance of lateral refrac- 
tion, like that remarkable case described by Humboldt as having occurred to him at 
Orotava. 

" 9th. The temperature of the sea-water, taken up from about 10 feet below the sur- 
face, should be determined daily, or several times in the day and night, on and near the 
tropic, if possible, to the hundredth of a degree. 

" 10th. It would be most desirable also to procure thermographic representations of 
the solar spectrum (as described in my paper in the Philosophical Transactions, 1842), 
and to examine the ' fixed lines ' of the luminous spectrum, with a view to ascertaining 
whether they, or any of them, originated in absorption of the earth's atmosphere. 

" I have the honour to be, Sir, 

" Your very obedient Servant, 

(Signed) « J. F. W. Heeschel," 

III. — Letter from Lieut.-Col. James, H.&, to the Secretary of the Admiralty, 
dated Ordnance Map Office, Southampton, 5th May, 1856. 

" Sir, — 1st. I beg to acknowledge the receipt of your letter of the 2nd inst., informing 
me that the Lords Commissioners of the Admiralty have sanctioned a scientific expedition 
to Teneriffe, under Professor Piazzi Smyth, and requesting me to offer any suggestions 
which may occur to me for the better carrying out of the object in view. 

" 2nd. It is peculiarly gratifying to me to learn that so immediately after the conclu- 
sion of peace, an enlightened Government has turned its attention to the promotion of 
science. 

" 3rd. The special object which the scientific world have in view, when they urge the 
Government to avail themselves of Professor Smyth's voluntary offer of his services, is to 
obtain that closer (so to speak) and more perfect view of the heavenly bodies which is 
to be obtained at a great elevation and in a purer atmosphere than can possibly be 
obtained in this or perhaps any other part of the world. 

" 4th. From Professor Smyth's known powers as an accurate observer, and from the 
singular facility and felicity with which he is able to represent and describe what he 
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sees, I anticipate that this special object will be successfully accomplished by 
him. 

" 5th. He will of course be furnished with one or two of the best portable telescopes 
which England can furnish, for which he will require one or two tents, especially made 
for the purpose, and which, with the sanction of the, Treasury, I could have made here; 
in addition to which he will require an order for the issue of two marquees or bell-tents 
from the Tower, or some other military depot, for himself and attendants, with a supply 
of stretchers, bedding, and cooking utensils ; and as the steamers for Teneriffe start from 
this port, I shall be happy to receive them here, and see that everything is properly 
provided to enable the Professor to carry on his duties effectually. 

" 6th. In the foregoing observations I have confined myself to the special object which 
Professor Smyth had in view, and the appliances to effect it ; but Teneriffe, from its great 
altitude, its symmetrical form, its position on the confines of the tropics and the trade- 
winds, is the most remarkable landmark on the face of the earth, and its meridian was 
long ago proposed to be the first meridian for all nations ; and I should truly rejoice if 
the Government, in addition to sanctioning the necessary expenditure for observations 
on the surface of the heavenly bodies, would also sanction the necessary expenditure for 
observations by which their mean density might be determined with more precision than 
it is possible it could be on any other spot on the earth. 

" 7th. My attention has been specially directed to this point of late ; the primary 
triangulation of the United Kingdom has just been brought to a close, and from it we 
have deduced the form and dimensions of the earth. In the autumn of last year I had 
observations made at Arthur's Seat near Edinburgh, for the purpose of determining the 
mean density of the earth ; the results of these observations and computations will be 
read at the Koyal Society on Thursday next, the 8th inst. The determination of these 
points is of the very highest importance in physics ; the size and density of the earth are 
our only units of measure by which we can calculate the distance, size, and density of 
the heavenly bodies ; and I could not but feel how much more valuable and trustworthy 
would the observations which were made at Arthur's Seat have been if they had been 
made on the flanks of the Peak of Teneriffe. 

" 8th. The Peak of Teneriffe is in round numbers 5000 times greater in its mass than 
Arthur's Seat, and its attraction, as affecting the plumb-line, cannot be much less than 
twenty times greater. The Peak is also, from its form and mineral structure, peculiarly 
well-adapted for such observations, and I feel that if Her Majesty's Government would 
sanction the necessary expenditure, there is no scientific research which would be viewed 
with greater interest by the whole world. 

44 9th. The command of so large a body of trained observers and surveyors as we have 
on the Ordnance Survey, fortunately enables us to undertake this investigation at no 
great expense, and with little interruption to the progress of the National Survey. I 
do not anticipate that the party need be absent from England more than four months, 
and it would consist of not more than eight Sappers from the Survey, and about twenty 
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young Sappers from Chatham ; but we should require the attendance of a convenient- 
sized steamer, under an experienced officer in hydrographical surveying, not only to 
take out and bring back the party, and to enable us to visit and supply the parties round 
the Peak from the different points on the shore ; but also for the purpose of taking 
accurate soundings, by which the configuration of the ground under water might be 
known. 

" 10th. The observations which I have here contemplated, in addition to those under- 
taken by Professor Smyth, are, — 

" (1). To ascertain the difference between the geodetical and astronomical amplitude 
of an arc of meridian, drawn through the Peak, from which to deduce the mean density 
of the earth. 

" (2). The difference in the time of vibration between a pendulum on the summit 
and near the level of the sea, from which we can also deduce the mean density of the 
earth. 

" (3). The geological structure of the Peak, and its mean specific gravity. 

" (4). Meteorological observations at different altitudes in the trade- winds towards 
the equator, and in the upper current from it. 

" 11th. The Government has now a large number of steamers fitted out and suited for 
this purpose; there can therefore be no more convenient, as there can be no more 
appropriate, time than this, at the close of a great war, for undertaking a scientific 
expedition, which will be hailed with satisfaction by the whole civilized world, and 
emphatically mark the return of peace. 

" I have the honour to be, &c, 
(Signed) " Henry James, 

Lieut. -Col. Royal Engineers.'' 

Report of the Committee appointed by the Council of the Boyal Astronomical Society, 
to consider the recommendation for the Teneriffe Expedition. 

" The Committee recommend the following subjects as particularly desirable to be 
attended to, so far as they do not interfere with the more special objects proposed by 
Professor Smyth : — 

" 1. The practicability of rendering visible the red prominences on the margin of the 

sun. 

" 2. Observations on the solar disk generally, including faculse near the border, and 

the alleged diminution of light towards the edge. 

" 3. Observations of the disks of the planets, and especially of Venus, with respect to 
irradiation, and also to her atmosphere, and possible satellite and spots, with the view 
of determining her rotation. 

" 4. Observations on double stars and nebulae, with the view of testing the effects of a 
purer atmosphere, with especial attention to Antares and his companion at the approach- 
ing occupations. 
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"5. Solar refraction, in reference to Professor Thomson's theory. 

" 6. Determination of the constant of atmospherical refraction, by observation of 
zenith distance of circumpolar stars. 

" 7. Observations on the zodiacal light, with reference to recent theories. 

" 8. Observations to verify Humboldt's remarks on the lateral oscillation of stars near 
the horizon, and on scintillations generally. 

" 9. Attempts to determine the polarization of the light of asteroids and faint planets. 

" 10. Observation of the fixed lines in the solar spectrum. 

44 11. The usual meteorological observations, especially of the humidity directly by 
Daniell's hygrometer. 

44 12. Surface-radiation from various substances, and the intensity of solar radiation. 

44 13. The determination of the height of the Peak by barometer, and the lowest snow- 
line on different sides of the mountain. 

44 14. The distribution and limit of vegetation on the mountain. 

44 In proposing this list of subjects, the Committee do not wish to be understood as 
pressing all of them as of equal importance, but simply as suggestions subordinate to the 
main objects of the expedition, though they think the more material are Nos. 1, 5, 7, 
10 and 12. With respect to No. 6, they also propose it only in case the Professor is 
prepared to undertake such a series of observations as would be necessary. 

(Signed) " Baden Powell, 

44 Robert Main, 
44 mh May, 1856." « R, C. Cakrotgton." 

" Royal Society, 3rd June, 1856. 

" The President and Council of the Royal Society have learnt with satisfaction that 
it is the intention of Government to send an expedition to the island of Teneriffe, for 
the purpose of observing astronomical phenomena in a locality peculiarly favourable for 
that class of observations which are most obstructed by the action of the atmosphere. 
The nature of these observations, and the best mode of carrying them out, have already 
been maturely considered by Professor Smyth, with the assistance of the Astronomer 
Royal, so that it is quite unnecessary for the Royal Society to offer any suggestions on 
that head. 

" But while the astronomical observations for which the expedition was undertaken 
must be the grand object of the observer's attention, there are some other subjects for 
the investigation of which the expedition offers a peculiarly favourable opportunity. In 
consequence of the short time during which Professor Smyth is likely to remain on the 
Peak, and the necessary devotion of his principal attention to astronomy, it would be 
useless to suggest any collateral investigations except such as could be carried out in a 
short time and with a moderate expenditure of labour ; nor do the President and Council 
suppose that it will be found practicable to attend to all the suggestions they may make, 
especially as the expedition is so shortly to sail. The following suggestions are offered ; — - 
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1. The determination of heights* by barometric observations is liable to be influenced, 
to an extent at present unknown, by the state of motion of the air, and other similar 
disturbing causes. Much useful information on this point might be obtained by taking 
out three or four barometers, to be planted, one at the station chosen near the top of the 
mountain, and the others in different directions round the base, especially one towards 
the windward and another toward the lee side of the mountain, with reference to the 
prevailing winds. The barometers should be observed at the same hour several times 
during the day, and the temperature of the air, and likewise that of the mercury, unless 
the two may be assumed to be the same, as well as the dew-point, should be registered, 
the direction of the wind noted, and its velocity estimated, at each observation. It is 
supposed that persons might be found, who, either from an interest in the subject or for 
a small pecuniary consideration, would undertake the registration of the barometers 
placed at the base of the mountain. One or more barometers might be placed at 
different altitudes, should habitations and suitable observers be found. It is to be 
hoped that time may be allowed for an independent determination of the difference of 
altitude of the stations by triangulation or levelling. 

" 2. The temperature and hygrometric state of the air might be determined at inter- 
vals in ascending or descending the mountain, a portable barometer being read at the 
same time, so as to give the altitude, and the transitions from one aerial current to 
another, whenever they occurred, being noted. These results would be especially 
interesting for comparison with those obtained in the recent balloon ascents of Mr. 
Welsh, undertaken under the direction of the British Association, and the more ancient 
observations of the same kind. 

" 3. Interesting information might be obtained relating to the absorption of the solar 
rays by the atmosphere, considered with reference to their total thermic effect, by making 
observations at different altitudes with Sir John Herschel's actinometer. 

" 4. As some of the fixed lines of the spectrum appear to owe their existence to the 
absorption of light by the earth's atmosphere, it would be interesting to compare the 
lines seen at the mountain top station when the sun is low, with those seen about the 
middle of the day, and those again with the lines seen at a small elevation above the 
level of the sea ; and it would add much to the interest of the investigation if photo- 
graphic impressions of the lines could be taken. 

" 5. Certain observations seem to show that the atmosphere is to a certain extent 
opake with regard to the more refrangible of the solar rays, so that it seems likely that 
the spectrum would be found to be of greater extent, on the more refrangible side, on 
the top of a high mountain than below. This point could easily be decided by forming 
a pure spectrum with a quartz apparatus, and receiving it on a piece of glass coloured 
by uranium, or on some other substance possessing a similar property. 

" 6. Observations might be made on the polarization of the light of the clear sky as 
seen from the top of a mountain, especially with reference to the determination of the 
neutral point or points, if any exist. 
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" Many subjects of investigation relating to astronomy, physics, or meteorology, will 
probably suggest themselves to the observer when on the Peak, the selection and elabo- 
ration of which are best left to his own judgment. There are also various points of 
interest relating to the geology and geography of this region, which Professor Smyth 
may possibly find time to attend to. 

(Signed) " Wm. Sharpey, 

Secretary" 
(3.) Execution of the Work. 

Having embarked at Southampton on board Mr. Stephenson's yacht ' Titania,' with 
all the instruments and baggage, we crossed over to Cowes for stores, and setting sail 
from thence on the 24th of June, reached Santa Cruz in Teneriffe on the morning of 
July the 8th. On July the 14th we ascended the mountain with the greater part of the 
instruments, and occupied a station (Guajara) on the circle of the " great crater," at 
the height of 8903 feet, from that evening until August the 19th. On the 20th we 
ascended to a more elevated station (Alta Vista) on the sides of the Peak, or central cone, 
at a height of 10,702 feet; from thence visited the top of the mountain, 12,198 feet in 
height; and finally descended to the sea-level on the 19th of September. On Septem- 
ber the 26th we re-embarked in the yacht, and returned to Southampton on the 14th of 
October; having, with an absence from home of 113 days, spent so large a proportion 
as 65 days at the heights mentioned above. 

The chief numerical results are contained in ten MS. books, as thus : — 

Vol. 1. Astronomical and Physical Journal. 

Vol. 2. Mountain Meteorological Journal. 

Vol. 3. Reduction of the above. 

Vol. 4. Sea-level Meteorological Journal. 

Vol. 5. Reduction of the above. 

Vol. 6. Illustrations to the Astronomical Journal 

Vol. 7. Results and Conclusions, — Astronomical. 

Vol. 8. Results and Conclusions, — Physical and Meteorological 

Vol. 9. Results and Conclusions, — Geological, Botanical, &c. 

Vol. 10. Photographs. 

From the manner in which the observations are exhibited in the above books, they 
will be found, I trust, to explain themselves. In many cases they must be studied 
originally and in the full, to enable all their meaning and significance to be appreciated. 
In others, I may be able to save investigators some trouble, by collecting together all 
the measures of special phenomena, and indicating the results and conclusions to which 
they lead, as in the following pages. 

No inconsiderable part of the thermometric and other meteorological observations on 
the mountain were made by the second mate of the yacht, William Corke, who accom- 
panied me there, together with the carpenter, William Neale, whose services were of 
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extraordinary importance in repairing damages to instruments caused by the dry atmo- 
sphere above the clouds, and in adapting materials and means to the novel circumstances 
in which they were placed. 

For the sea-level observations taken during the same period, all acknowledgements 
are due to the captain of the yacht (Lovijstg Corke), who made the whole of the said 
observations himself, and with strict attention to the principles laid down to him. 

Very lately I have had the pleasure of receiving from Teneriffe a large mass of tide 
observations, taken under the immediate superintendence of Don Francisco Aguilar, a 
Spanish civil engineer, engaged on the repair of the Mole, and inspired with the most 
laudable enthusiasm for the promotion of science. Finding that these observations 
have been made exactly in accordance with the desired instructions, and having per- 
sonally examined the tide-gauge, erected for the purpose under the care of the Don and 
Mr. L. Hamilton, I have great satisfaction in including the Spanish contribution in the 
present report. 

CHAPTER II. 
DEDUCED IMPEOVEMENT OF ASTRONOMICAL VISION WITH HEIGHT. 

(1.) Vision mid Definition. 

This important question was quickly and satisfactorily settled on Guajara ; for by fre- 
quent trials during several years in Edinburgh, I had ascertained the range of vision 
with the Sheepshanks telescope to extend to the 10th magnitude; I had never, for 
instance, been able to see the companion of cc Lyrse (11th magnitude), even when select- 
ing the most favourable nights, and with the star only 5 degrees from the zenith ; while 
with the same telescope and the same eye on Guajara, at 8903 feet of height, and with 
a, Lyrse 25 degrees from the zenith, the companion was always and easily visible, more 
so than the companion of Polaris (9th mag.) used to be in Edinburgh. Smaller stars 
still were also observed, as C of 5 Aquilae (14th mag.), D of 13 Lyrae (12th mag.), B of 
§ Aquilse (12th mag.), B of 128 Anseris (13th mag.), B and C of /3 Equulei (13th and 
14th mags.). Stars of the 15th and 16th magnitudes, looked for, were not seen, as was 
the case also with one of the 13th magnitude. 

An extension of telescopic vision through four magnitudes is thus made out, and would 
be an inestimable addition to our larger classes of telescopes ; for much of the advance 
seemed to be owing to improved definition, as well as to the transparency of the air. 

This fine definition was shown in the perfection of the images of the stars, which, five 
nights out of six, exhibited clear little disks surrounded by regular rings, when viewed 
under a magnifying power of 150, and contrasted most favourably with the amorphous 
figures that the same telescope had always given in Edinburgh. When there, indeed, I 
had been at a loss to understand how accurate measure could be applied to the double 
stars ; but on Guajara the appearance of every double star seemed, by its finish and 
exactness, to provoke one to apply a wire micrometer to it. 
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The usual test of definition, the separation of close double stars, especially when there 
is much difference in their size, was tried at the Alta Vista station with the Pattinson 
telescope. I cannot, unfortunately, state comparative results with this instrument ; for 
though I visited its hospitable owner in England on three different occasions, at inter- 
vals of several months, yet the sky was invariably clouded. We have therefore only to 
look to the aperture of the object-glass, 7*25 inches, and compare its performances on 
the mountain with those of instruments of the same size elsewhere. 

s Arietis, X Cygni, 52 Arietis, all double stars, and with the distance of their compo- 
nents given in the " Cycle" at under 1", were completely separated. B and C of y An- 
dromedse, with a distance of 0"*5, night after night, and on one occasion at so large an 
hour-angle as 4 h 30 m , were seen divided, but not exactly separated ; for although there 
certainly was a dark line between them, yet the disks were mutually compressed on that 
side to a small extent. A diagonal eyepiece with a transparent reflector did separate 
the two disks completely, by making them smaller; but the definition was so much 
injured, that this testimony to the duplicity of the star and the excellence of the tele- 
scope, was not deemed more satisfactory than that afforded by the direct eyepiece with 
its larger and brighter stellar images. 

The excellence of definition at Alta Vista seemed to extend over the whole sky, and 
was still most satisfactory when, toward morning, I examined Saturn heliacally rising 
in the east. The fine division of its outer ring, and the transparency of the dark ring, 
were abundantly manifest ; but the general perfection of finish as it were of the borders 
of both ball and ring, struck me as the most noticeable point ; for even with a power of 
500, I could not fancy anything more clear at its edges than they were. 

These observations were repeated on Saturn during several mornings, and are all the 
more noteworthy, since that is about the time when telescopic definition in most obser- 
vatories becomes exceedingly bad. On the mountain the sun was seldom well defined, 
and his excessive radiation seemed to disturb the air, and in a manner that often lasted 
in the western regions long after he had set ; but night usually succeeded in quieting 
the commotion. 

(2.) Agents introducing good definition. 

Thus far the facts of observation have been stated ; and the main explanation of them 
is evidently the other fact, that when looking at the stars on the mountain, we were 
not looking through those grosser and denser strata of the lower regions of the atmo- 
sphere through which ordinary observers must look. On the mountain we found another 
circumstance operating, whose existence is not generally suspected: this is the preva- 
lence of excessive drought. Had there been any actual formation of dew, there would 
have been difficulty in keeping the glasses free ; and with the smallest portion forming 
on them, adieu to all delicacy of vision. But in a region where the average depression 
of the dew-point was, as we found it, the unheard of quantity of 40°, and where it was 
not unfrequently above 50°, the formation of dew was physically impossible. 

Hence some of our best observing nights were on occasions that in a moister atmo- 
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sphere would have been impracticable; for the calmness of the atmosphere and the 
radiation of the sky, inasmuch as depended on them, tended powerfully to the forma- 
tion of dew. Thus at Guajara, on the 4th of August, when an unsurpassable definition 
seemed to reign all night long, and there was no wind and no cloud ; and in so far 
there ought to have been dew on the object-glass, whose temperature must have been 
brought down far below that of the surrounding air, — for the radiation of the sky 
amounted to 17° (that is, the temperature under cover was 50°, and the temperature of 
a black-bulb thermometer exposed to the sky was 33° at 2 a.m.), — yet the temperature of 
the dew-point being at the same moment only 19°, no clouding of the object-glass took 
place. 

Comparing our observations on the mountain with those of Mr. "Welsh in his balloon 
ascents, and the more ancient observations from De Luc and Saussure downward, this 
excessive dryness above the clouds may be considered a universal phenomenon ; though 
the absolute height at which it most signally prevails, depends on season and other 
effects. Thus in TenerifFe, throughout the summer, the dry atmosphere may be secured 
at so small an elevation as 5000 feet ; but in autumn and winter (see the Mountain 
Meteorological Journal for September the 14th), we should have to rise occasionally so 
high as 12,000 feet, in order to reach it. 

(3.) Daylight Observations of Stars. 

Sundry notices of stars picked up during the day with the Sheepshanks telescope on 
Guajara are scattered through the Astronomical Journal, but its performances in this 
way were not strikingly better than in Edinburgh. Some allowance must undoubtedly 
be made for the very untoward circumstance of the telescope on the mountain being 
exposed in the open air and bright sunlight, while in Scotland it had been employed in 
a dark room, with only a small aperture for vision in the roof. Over and above this 
cause, much of the want of greater success in the day observations must be attributed 
to illumination of the atmosphere by the sun. True, that the atmosphere becomes 
more transparent as we ascend, but the brightness of the sun increases at the same time, 
and the multitudinous reflexions of its light from motes in the air increase more 
intensely still. 

Hence, as long as the sun is above the horizon, daylight on the mountain is almost as 
fatal to stars as on the plains. The blue of the Alpine sky, which has been spoken 
of by travellers as something so deep as to verge on black, we did not find even on the 
culminating point of the Peak, at 12,200 feet of altitude, to be anything extraordinary. 
When observing the sky in immediate proximity to the sun, as for the eclipse red pro- 
minences, the field of view was so intensely bright, that a very dark glass was necessary 
to protect the eye ; and even when using the faint reflexion from the transparent mirror 
of a sun-eyepiece of the Pattinson equatorial, considerable practice was necessary before 
one's eye could withstand the glare. 

This rendered a search for stars very near the sun quite hopeless ; and even when 
mdccclviii. 3 s 
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looking for them at greater distances, as 10 and 15 degrees, there was ever more or less 
of a luminous pattern on the object-glass, caused by the all-powerful sunlight striking 
on microscopic imperfections on the surface. 

With all this, however, I observed by day many more stars than I had ever done in 
Edinburgh ; but the more marked result was, the far greater brightness of the bright 
stars. The preponderance of Sirius, for instance, above all other stars, was never so power- 
fully manifested to me before ; and from his excessive and staring visibility, one came 
down at once through an immense number of measurable gradations to Arcturus, the 
next brightest star visible, and perhaps arrived at total invisibility with a star of the third 
magnitude. 

(4.) Naked-eye Observations, 

The stars shone brilliantly, as seen from Guajara, and caused the dome of the skies 
to appear resplendent with glory ; the Milky Way was a magnificent feature in its 
scenery, and the zodiacal light towards morning was still more remarkable. Jupiter also 
was surpassingly brilliant when high in the heavens after midnight ; but I could never 
see his satellites with the naked eye, not even when eclipsing the planet behind a distant 
lava ridge. When treating the bright part of the moon in a similar manner, the illumi- 
nation of the dark part appeared conspicuously, though the first quarter was past. 
With the new as well as the old moon, when forming a crescent, the brightness of the 
surface was such, as, acting by irradiation on the eye, to give an appearance of unnatural 
bluntness to the horns. She gave one, moreover, at once and visibly, the real idea of 
being closer than the stars ; while the " shooting-stars," of which by the way we did not 
see any displays remarkable either for number or brightness, appeared absurdly close ; 
and, having a reddish light, looked even like sparks of fire flying through the air. 

We were much struck on the mountain by the quiet and steady planetary light of the 
stars, and were inclined at first to say that they did not twinkle ; but we soon found that 
they did so, though to a much smaller extent than in the plaisn below. Having lately 
become acquainted with Professor Dufour's method of applying the principles of 
numerical observation to the scintillation of stars, and the rich results that he has already 
deduced from very simple beginnings, I regret that I did not attempt something of the 
same sort on the Peak ; though perhaps nothing short of his own skill and experience 
would be required to do justice to the natural capabilities of the place. 

(5.) Qualities of the Atmosphere. 

The astronomical qualities of the atmosphere may be divided into two species, — the 
immediate or particular, as wind, fog, &c; and the general, as distant clouds, haze, and 
other aerial impurities. 

Wind is usually a terrible drawback on the availability of mountains for observatory 
purposes, and the tops of the lower hills in Teneriffe, at about the level of the trade- 
wind cloud, are swept by it with terrific force ; but above that height, the wind, still 
preserving the same N,E. direction, continually decreases in strength, until it reaches a 
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neutral stratum below the S.W. wind, which appears there to be always the direction of 
the upper current in the atmosphere, in the summer at least, for which season alone my 
descriptions are intended to apply. 

The height of this neutral region would seem to vary much ; sometimes it was below, 
but much more generally above 9000 feet. Hence we had more N.E. wind than S.W. 
at Guajara ; but being in the neighbourhood of the neutral stratum, neither wind was 
felt in great force, except on one occasion, when for several hours in the morning the 
N.E. wind blew with a velocity of from twenty to thirty miles per hour. 

This circumstance in itself confirmed the conclusion already drawn from the number 
of days that each wind was felt, viz. that we were much nearer the N.E. than the S.W. 
current. And finding that in proportion as the former (N.E.) predominated, so did faint 
dusty impurities in the air, and bad definition, we proceeded to establish a second sta- 
tion at " Alta- Vista," at the height of 10,700 feet. Our earlier experiences on moving 
there confirmed the truth of the idea, for there was on the whole less wind than at Gua- 
jara, and it was more evenly balanced between the two directions. Our later expe- 
riences at that station included the setting in of autumn, which broke in upon all the 
regularity of the summer weather, and need not here be alluded to further, as our expe- 
riment was only intended to utilize the summer season. 

With wind then we were visited but moderately, and we were equally fortunate with 
regard to fog or mountain clouds ; for though they existed below and appeared daily, 
dense, closely packed together, and rolling upon each other, they showed no tendency to 
rise higher than 4500 feet. With this depression of the mountain cloud, including 
cumulus, cumulostratus, and nimbus below us, we had but the thinner forms of cloud, 
cirrus, cirrocumulus, and some cirrostratus, ever at any time floating above us, or inter- 
fering with the view of the heavens. These only appeared about once in five days in 
any considerable quantity. 

A more important quality of the atmosphere was caused by the dust-haze, which was 
ever more or less present, though sometimes in vastly greater quantities than at others, 
and was precisely that which injured, or rendered impossible, daylight observations of 
stars. Where this dust-haze came from or went to we could never tell; but, when 
present, we could easily distinguish its banks, or strata, as they stretched away and con- 
densed in perspective towards the horizon. There were often several strata, one above 
the other, and mutually separated by very clear and sharply-defined spaces of atmo- 
sphere. When, as was sometimes the case, the summits of Grand Canary, or of Palma, 
rising high above the sea of clouds, pierced also these upper strata of dust-haze, we had, 
from Guajara, the curious phenomenon of zones of blue mountain alternately distinct 
and again indistinct almost to invisibility, and yet no cloud or other recognized impurity 
of the atmosphere intervened. 

Being above much of this dust, though perhaps not the greater part of it, we were 
evidently better off than an observer at the level of the sea, when pointing to a zenith 
object ; but for a horizontal one we were worse off, from often being in, and then look- 

3s2 
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ing through the whole plane of the stratum, and so experiencing the maximum of its 
light-stopping effect. 

Hence the occasional deterioration of sunrise and sunset were infinitely greater than 
anything that occurred at noon; and on some days, when the sky was perfectly free 
from cloud, and the sun had been distressingly hot and bright when high in the sky, 
yet it had almost become invisible before it set. It was seen, though made out with 
difficulty on such occasions, through a darkling, yet luminous haze of dull lemon-yellow 
colour ; but what it set behind, or when exactly it did set, there was no ascertaining. 

The next evening perhaps the atmospheric dust had removed, and the change in the 
sunset was magical. The orb radiated hot and shone bright up to the moment of going 
down, sometimes behind Palma, showing hills of rich dark purple; sometimes behind 
the rollers of the cloud sea, clearly visible to the extreme verge of the horizon. Then, 
too, in place of the uniform yellow colour of the dusty sunset, the most gorgeous scar- 
lets, yellows, and blues took its place. 

To eliminate this dusty medium would be of the utmost importance to the further 
improvement of astronomical observation, and may be considered the greatest and most 
subtile difficulty which the observer has to deal with; and it is probably general over 
the world, as on the South African mountains, at heights of 5600 feet, the phenomenon 
was almost as notable as on Guajara. From Dr. Mason's observations of solar radiation 
in Madeira, and from the relations given to me by inhabitants of Teneriffe as to the 
periods of the year when the Peak is seen most clearly, I am disposed to think that 
there is least of this dust in the atmosphere in the latter end of the winter and the 
earlier part of the spring. The latter, if not the former also, would probably be a 
practicable time for mountain observation ; for one of the most remarkable results of 
our meteorological inquiries, is the indication of the seasons being nearly two or three 
months earlier at a height of 10,000 feet than at the sea level; so that the difference of 
temperature in the spring, between the two zones, is by no means so great as in autumn. 



CHAPTER III. 

ASTRONOMICAL OBSERVATIONS PROCURED. 

(1.) Double Stars. 

The Astronomical Journal contains many notices of double stars, but as they were 
merely for the purpose of testing the performance of the instruments, the nature of the 
objects was always assumed to be known (the " Cycle " being adopted as authority), and 
our aim was rather to take an eye recognition of as many objects as possible, than to 
apply rigorous measure to a few. Several cases of change in magnitude, distance, and 
position were however encountered, and are given ; many stars were also observed for 
colour, to compare with observations below. These will be found duly entered in the 
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Journal; and the only remark that need be made here, is, in connexion with the 
astonishing visibility of the companion of Antares, which escaped Struve, with an instru- 
ment wherewith he discovered the duplicity of B and C Andromedse, and so many other 
difficult tests. When we bear in mind the great altitude of these latter stars in Russia, 
and the very low altitude of Antares there, the case may be taken as a strong illustra- 
tion of the importance of eliminating atmosphere from observation in every possible 
way ; not only by climbing up a mountain, but by each observatory confining itself to 
the objects in the neighbourhood of its own zenith. 

(2.) Moon and Planets. 

At Guajara, with the Sheepshanks telescope, there were many tempting opportunities 
of delineating parts of the moon's surface ; but the small power of the telescope pre- 
vented such work being as good disposal of my time, as many other observations that 
equally claimed attention. Moreover there was so remarkable a tendency of bright 
points of the lunar craters to form stellar disks and rings, that I was additionally 
induced to defer anything in this line, until the Pattinson equatorial with the trans- 
parent glass reflector-eyepiece should be erected. 

This instrument was established at the Alta Vista in September, but the last quarter, 
which was to have been the lunar observing period, was interfered with by the premature 
setting in of autumn. In the first quarter of that month we had several opportunities, 
but not many or good ones, as the moon was then very low in southern declination, and 
the lava ridges rose high to the west of us. 

Those few views, however, with magnifying powers from 160 to 560, made a most vivid 
impression on the minds of all at the station. There have been doubts expressed by 
some geologists, as to whether the circular cavities in the moon are craters ; had they 
enjoyed these opportunities at the Alta Vista, they would have renounced such doubts, 
so many and so striking were the analogies between the craters of Tenerifle and those 
we saw in the moon. Among the most characteristic perhaps of the resemblances, 
is the greater steepness of the inner over the outer wall of every cavity or ring-shaped 
mountain ; again, the precipitous ledges, and often the conchoidal bays and recesses of 
the inner wall ; and the generally level floors of the cavities, with here and there a peak 
raised upon, or a little cup-shaped cavity established in them. 

But the telescope showed over and above those well-known features, such an in- 
finity of detail, that though I tried once or twice (see the view of Autolycus in Plate 
XXXIV.), I found it quite impossible to make a proper drawing of any notable part, 
in the contracted space of time between darkness and the moon going behind the lava 
ridge. Half a night would have been short time enough. In this department there is 
indeed an immensity to accomplish ; the clear air of the Peak would be most favourable ; 
and the opportunity that the astronomer would have, probably for the first time in his 
life, for ascertaining the distinctive forms of terrestrial craters from eight miles in 
diameter to 300 feet, would enable him to appreciate better the minute revelations of 
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the telescope. Of all the subjects connected with the lunar surface, to which attention 
may be directed, none perhaps is so important as the detection of what may be called 
the dynamic wrinkles of lava streams. These at once distinguish the lava stream from 
the avalanche of stones; and, as would appear on the Peak, lead to much insight 
regarding the temperature, fluidity, and order of the emitted streams. From the small 
size, however, of such wrinkles at Teneriffe, the successful observation of them in the 
moon would demand the best of existing telescopes, the highest magnifying power, and 
a rarefied mountain atmosphere. 

Jupiter near the zenith was a sight very different from anything that European astro- 
nomers have had for many years past ; I attacked it therefore with zeal as to optical 
features. At Guajara, with the Sheepshanks telescope, it was remarkably well defined, 
the belts clear, and the shadow of a satellite occasionlly crossing the disk was strong ; but 
with the exception of a scolloped or festooned appearance in one of the belts, nothing 
new was seen. The interpretation of this peculiarity was left for the Pattinson equato- 
rial at Alta Vista. There, with a power of 360, the bright spaces between the belts 
resolved themselves into masses of cumuli, cumuloni, and cumulostrati, — the drift doubt- 
less of the Jovian trade-wind, — in their forms and gatherings so precisely like those 
which the terrestrial trade was accumulating round Teneriffe below our feet, that I could 
not avoid applying the same name to similar forms. 

Three drawings of these appearances — they might almost be called revelations — in 
Jupiter are inserted in Plates XXXIII. and XXXIV. The originals were begun and 
finished at the end of the telescope, and each was made on a different evening, and with- 
out any reference to the previous views ; so that the one may be used against the other, in 
determining the probable error in the representation of any particular feature of interest. 
Due allowance must of course be made for the change of the mean meridian each night ; 
indeed during the time occupied in the drawing, the shifting of the whole of the forms, 
from rotation of the planet, was most perceptible without applying measurement ; but 
over and above this, there were minute yet indubitable changes of shape in the cloudy 
appearances during two hours. 

Of Saturn two drawings were made, but beyond satisfactorily showing the fine division 
of the outer ring, there was little to be done on account of the low position of the 
planet. One of the drawings, however, may be referred to (vol. 6, page 28) for the 
appearance presented in the telescope ; the second was a mere sketch taken the follow- 
ing night to test the characteristics of the first. 

A single drawing should not be looked on, by itself, as of importance in the present 
state of astronomy ; for how can others than the artist prove the reality in nature of 
anything they may find in that one document, when this alone is before them? A bad 
designer will often unconsciously give an erroneous figure ; and though intending to 
show perhaps the blurred outline he actually saw, may yet, by using a pen in place of a 
brush, represent the erroneous appearance as having all-perfect definition, and cause the 
juxtaposition of full white with deep black : and if he has put in these things and a 
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few others also by slips or bad drawing, we must take the whole as he has given it 
implicitly, or reject it entirely. 

If astronomical drawing is to take a similar trustworthy and trusted place to numerical 
observation, in its own branch of subjects, we must in the first place with every man's 
work, eliminate errors in drawing and imperfections of the means and medium em- 
ployed. How easily much of this may often be accomplished by two drawings, may be 
well seen in some of the photographs in the book of illustrations ; for having been taken 
with stereoscopic intentions, they are all double. Hence, is there some doubtful mark in 
one 1 we have only to look to the other ; and if the mark was in the scene itself in nature, 
it will likewise appear in the second view as well ; but not so if it were merely a fault 
or imperfection in the surface of the plate. 

After this first step has been accomplished, comes the more difficult affair of elimi- 
nating the personal and instrumental equation, from which source of error no object in 
the heavens has suffered so much as our present subject, Saturn. Thus the elongation 
of Saturn's rings in old drawings, not confirmed by micrometrical observation, may be 
mainly, if not entirely, attributable to the earlier observers — in their desire to intensify 
their discovery, and to prove that they had a clear perception of the sky intervening 
between the inner border of the ring and the ball — having pulled out the ends of the 
ring much further than they were justified ; just as a sketcher invariably increases the 
steepness of all his mountain slopes. Again, up to even the last few years, the published 
drawings of Saturn, with a few bright exceptions, as the Heeschels', have exhibited such 
erroneous ellipses — that if the shape and dimensions of his rings and their divisions 
were to be computed on such testimony — they would be found to be endued with more 
anomalous deviations from their nearly circular form, than any one has ever ventured to 
attribute to them, and which the artists themselves had never intended. 

To improve this state of things, Mr. De la Sue has lately not only given us such 
admirable drawings, as stamp him as the artist par excellence of Saturn, but he has, by 
his extensively distributed diagrams, produced a sudden and general improvement in all 
the current delineations of the planet. 

My drawing, I find, approximates pretty closely to his, but in some of the smaller 
features inclines more to Captain Jacob's view, as thus, — 1st, the principal division is not 
perfectly black, but of the tint of the dark ring; 2nd, the fine division is not accom- 
panied by a bright band ; 3rd, the dark parts of the ball do not take accurately defined 
zones ; and 4th, the shadow of the ball on the ring is remarkably sharply defined. 

(3.) Eclipse red prominences. 
Under the date of September the 9th, in vol. i., or the Astronomical Journal, will be 
found particulars of what may be an observation of one of the eclipse red prominences ; 
but as the view of it was uncertain in the extreme, and all the other attempts that were 
made were entirely unsuccessful, I think it better to allow that this department of our 
work was a failure, — a failure not from any deficiency of the instruments, though these 
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might be further perfected, but from the qualities of the atmosphere, and chiefly from 
the dust-haze which was found existing in dense strata far above the clouds of the north- 
east trade-wind. The most likely method therefore to follow out on a future occasion 
would be, to try the experiment earlier in the season, when there is less of the haze 
existing ; or to try some mountain higher still than Teneriffe. 

(4.) Solar Photography and Polarization. 

All our observations of the sun laboured under the inconvenience of being performed 
in the open air, and freely exposed to the direct solar rays : to guard against these the 
observer's head and the eyepiece were enveloped in a black bag., When this was accom- 
plished, then came the greater difficulty of the excessive heating power of the sun, con- 
nected with its powerful radiation on a mountain. The eyepieces became so hot that 
they could not be touched, and the black bag was continually getting burnt, and with 
its smoke, irritating the observer's eye. 

Somewhat depending on these untoward accompaniments, which might be much 
relieved on a future occasion, the definition of the sun was invariably worse than that 
of every other object in the sky. The year 1856 was, however, so near the minimum 
of solar spot-producing disturbance, that little of importance ever appeared on the disk. 
The only thing that I would particularize, is the "silk marking" observed on Sep- 
tember 13th. 

This was a feature almost defying any attempts to delineate by hand and eye, but 
should yield one would think to photography. Accordingly, with the assistance of the 
yacht carpenter, I improvised a photographic box to fasten on the end of the telescope, 
with a spring trigger to make an instantaneous opening and closing of the aperture. 
But success was small by reason of, — 1st, the wooden box being often heated to smoking ; 
2nd, the shaking of the telescope ; and 3rd, the rapid vibrations of the air causing bad 
definition. 

Making the best of these circumstances, definition was still unprocurable, until by a 
series of experiments, the very unexpected result was found, that the chemical focus of 
the telescope was -5 inch longer than the visual. 

This circumstance seems to settle the question, that the rays which produce the 
photographic picture are by no means the luminous, and may, or may not, give us an 
idea of what we see with the eye. The black photographic effect of bright yellow is 
well known ; and a similar diversity, and more in point with regard to the possibility of 
obtaining good solar photographs, was offered to me frequently in Teneriffe, chiefly in 
the lowlands, when taking photographic landscapes on collodion. It was this : a distant 
mountain range was seen with the most perfect definition of innumerable details about 
its flanks ; the bushes, the cliffs, the dykes in these were distinct and even prominent to 
the eye ; yet in the photographs, nothing but the faint, though well-defined outline of 
the mountain appeared against the sky ; as if, in place of the sun shining on the moun- 
tain, it were on the other side and throwing the ridge into the shade. In a word, the 
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aerial effect was intensely exaggerated in the chemical medium, with every increase of 
distance and illumination. Of the latter, a good instance was shown in the facility with 
which at twilight a good photographic image of the moon was obtained ; while by day, 
no matter how clear the moon shone out to the eye from the deep blue vault of heaven, 
no impression whatever could be procured*. 

After meeting with these indubitable instances of the distinction between actinic and 
optic images, no photograph would be admitted as a decisive evidence on a certain point 
suggested for inquiry by the Astronomical Society, viz. the brightness of the centre as 
compared with the borders of the sun. But whether forming the sun's image on a 
screen, or looking at it direct, there was never the slightest doubt on my mind or my 
eye, as to the centre being very much brighter than the border. The centre was also 
whiter, the border being yellowish; and it was not at all from this cause that the 
borders were thought to radiate less light, for the difference was something far greater 
than variation of colour could explain. This experiment may be perhaps taken as con- 
clusive : with the transparent-reflector eyepiece of the Pattinson equatorial, the field of 
view having a stop with a small perforation of about 3' in diameter, I found that I could 
bear perfectly well to look at the border of the sun without any coloured glass ; but I 
could not with impunity allow the stop to pass over the central regions of the solar orb, 
by reason of their surpassing brightness. 

This result is confirmatory of the conclusions, I believe, of every observer but one, 
M. Aeago ; and he arrived at his unique view by means of a photometer, based on his 
polariscope ; an instrument which I was also requested by the Astronomical Society to 
use on the mountain, and which I did not find very satisfactory. 

The polariscope was arranged by its ingenious inventor to be applied to the eye end 
of a telescope, and doubling the image of any luminous object in the field, to colour 
them complementarily if they contained polarized light to a sensible degree ; and this 
M. Aeago is stated to have ascertained to be the case with planets and comets, but not 
with the fixed stars. 

By Mr. Airy, the Eev. Baden Powell, and Mr. Cooke of York, I was furnished with 
various polarizing materials capable of being fitted up into such an arrangement ; but on 
neither planets nor satellites, viewed with the naked eye, the finder, or the Pattinson 
equatorial, could I get the smallest indication of complementary colours. The planets in 
question were certainly not favourably disposed for the polarizing angle of their reflected 
sunlight; and before the moon arrived at that part of her orbit, the summer weather 
had broken up, and brought all our observations to an end. 

(5.) Rising and Setting of the Sun, 

Accurate observations of the time of rising and setting of the sun I had intended to 
make, under expectation of the phenomenon taking place behind the sea-horizon ; but 
(his line was never once visible during our whole stay on the mountain. In place of it, 

* Further still, it was found that. the photographic plate feels and renders at once all those additional 
rays, which in Stokes's spectrum the eye cannot perceive without the assistance of uranium glass. 
MDCCCLVIII. 3 T 
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was invariably the spurious horizon of the great stratum of N.E. clouds, at a varying 
height of perhaps 3000 to 5000 feet, and seen at Guajara under a zenith distance 
varying from 91° 5' to 91° 11'. 

The cloud attached to the mountain was not more than 2500 feet in altitude, and 
seldom stretched more than two or three miles away from it ; so that what portion of 
sea was visible between its termination and the beginning of the sea-cloud, was, from 
our station, many degrees below the horizon, and quite useless for altitude purposes. In 
the case of the cloud floating over the sea, on the contrary, the extent from the mountain 
seemed illimitable ; and from what we had seen for several days before reaching Tene- 
riffe, we had every reason to believe, that generally round about that island, but chiefly 
towards its N., N.W., and N.E., a cloud stratum extends almost uninterruptedly for 
several hundred miles, always at the same height above the sea, and of the same generic 
character, or strikingly like the " cumulonus " of Admiral Fitzroy (see Plates XXX. 
and XXXII.). 

The form was not improbably a consequence of the mechanical action of the trade- 
wind on the cloud-material ; and though the rollers of mist, moving along always rapidly 
from N.E. to S.W., often had intervals between them when examined mplan, yet viewed 
as they were in extreme perspective on our visible horizon, no gaps were seen in that 
position ; while their substance, condensed apparently by distance, made them form as 
opake an edge for the sun to rise behind, as a snowy mountain. 

Although, then, the absolute time of sunrise so observed would not have been capable 
of geographic truth, its duration could be taken pretty well. All the more extraordi- 
nary therefore is the account by a celebrated traveller, that the one sunrise which he 
observed from a height of 11,000 feet on the Peak of Teneriffe, had the remarkable 
anomaly of occupying upwards of eight minutes. 

Subsequent observation at the same spot cannot prove or disprove any exceptional 
mirage that may have occurred to a former observer ; but it may indicate whether the 
locality is frequently liable to such extreme dislocations of refraction; and with this 
view, the rough naked-eye observations which I used to take at Guajara for meteoro- 
logical purposes, and which are entered in vols. 1 and 2, may be examined, and will be 
found to show no anomaly of the sort on any occasion. A characteristic feature of moun- 
tain sunrise and sunset used certainly to be the very visible flattening of the solar orb ; 
but this was a constant and normal phenomenon ; and if it reached, by sextant measure, 
so large a quantity as 5', that was but the proper refraction-effect, due to a zenith distance 
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(6.) Duration of Twilight. 

Observations for the duration of twilight were found capable, on being actually tried, 
of more precision than might have been expected ; two minutes + or — appearing to 
include all uncertainties as to the vanishing of the last trace of the sun's light in the 
west, or its appearance in the east, the zodiacal light alone excepted ; but this quantity 
does not include certain natural, causes of difference in one day from another, which will 
be found to vary much more. 
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The difference of duration observable here between the morning and evening twilight 
is remarkable, and may be partly owing to the difference of intensity of the zodiacal 
light, which in the evening was barely visible, but was in the morning so bright as to 
prevent the very first trace of dawn being perceptible. 

The following are a few of the additional observations made respecting twilight at 
Guajara:— 

On the morning of the 8th of August, the first symptom of colours was distinguish- 
able nine minutes after the first appearance of light ; while in the evening of July 17th, 
and on July 26th, the colours were on each occasion distinguishable to within five 
minutes of the cessation of light. 

Further, on August 17th p.m., eighteen minutes before the end of twilight, its altitude 
to the extreme blue was found to be 9°. And again, on August 18th p.m., at twenty-one 
minutes before the cessation of twilight, the altitude of the extreme blue was found 9°, 
and to the extreme red 3°; while at eight minutes before the cessation, blue colours 
were alone visible, and reached 3° high. 

At the latter periods of twilight, I had some confidence in attempting to measure the 

3t2 



For August 4th, at 17 h ^ 
sidereal time 
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altitude, but not at the earlier periods, when the light was far too diffuse and uncertain 
as to its boundaries. 

(7.) Zodiacal Light. 

At Guajara the zodiacal light was observable both east and west: at Alta Vista only 
in the east, on account of obstructions in the horizon westward. Notices of observations 
of this phenomenon will be found in the Astronomical Journal under dates of July 23, 
26, 30, 31, and August 2, 7, 8, 12, 18, and September 2, 4, 5, 6, and 7. The objects 
proposed were, in the first place, to measure the place of the apex of the light ; its 
length, breadth, and shape, and its angle with the horizon ; and in the second place, to 
note any additional circumstances that could be made out bearing on recent theories. 

In the western direction the appearance was very faint, but it was certainly real ; and 
of three observations taken about half an hour after sunset on July 26 and 30, and 
August 18, we have the following mean quantities: — 

o 

"Length from horizon . . . . 50 

Angles of inclination to horizon . 31 
Apex in JR 13 h 26 m and D~10° 

Length from sun 71 

.Degree of brightness ^ of the Milky Way. 

The greatest probable error of any of these observations, including all causes, natural 
as well as personal, may be +6°, and within such limits, and not to those of the last 
degree given, we may assume that the plane of the light is shown to be nearly coincident 
with the ecliptic. 

In the eastern direction, the Guajara observations on July 31, August 2, 8, and 12, 
give, for the mean date of August 5, at h 50 m sidereal time, — 

o 

Length from horizon ..... 62 

Breadth of base 24 

Angle with horizon . . . . . 75 

Apex in 3 h 48 m JR and D+21° 

Length from sun ...... 76 

Brightness » Milky Way X 2 

The angle of the ecliptic with the horizon at the same time being 70°. 

At Alta Vista, observations obtained on September 2, 5, and 7, give for the mean date 
September 5 at 3 h sidereal time — 

o 

Length from horizon . . . . . 63 

Breadth of base ...... 27 

Angle with horizon . . . . . 79 

Apex in /R 5 h 20 m and D+17° 

Length from sun 84 

Brightness ........ Milky Way X 3 

The angle of the ecliptic with the horizon being 78°. 
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The brightness stated is that of the brightest part of the whole mass, which was usually 
some 20° to 30° below the apex. This point was rounded off, and the sides leading up 
to it were convex on the outside, in as far as one can speak certainly of such faint light ; 
and tended much, by the regular and complete symmetrical form which they indicated, 
to distinguish it from the admixture of the Milky Way which crossed it. I could, how- 
ever, at times fancy that there was a sort of wisp of the last degree of faintness stretch- 
ing from the apex some 50° farther across the sky ; and on one or two occasions could 
almost persuade myself that it stretched all across the sky to the opposite horizon, but 
could never satisfy myself that it was not fancy. 

Eespecting alleged observations of the zodiacal light at midnight, the result of Gua- 
jara and Alta Vista is, that it was decidedly not visible there either east or west at that 
time (see August 7 and September 4); i, e. nothing certain, nothing that seemed either 
worth observing or even possible to observe ; and assuredly nothing approaching the 
visibility of even the faintest part of the area, included in the ideal outline drawn each 
night on the sky, when it was seen E. or W., so as to include everything that could be at all 
acknowledged for zodiacal light. Westward it was not seen in the evening within three 
hours of midnight ; but eastward, and on the high elevation of Alta Vista, something 
was just visible at about 1 a.m. ; a difference explainable by the already stated numerical 
results, where the length from the sun in the eastern sky is given at 13° longer than in 
the western, and the brightness at twelve times greater. The midnight observations 
may also be considered conformable to the absolute solar lengths found at other times, 
viz. 71° and 84°. 

If, then, at midnight nothing was seen, and at the best period of visibility afterwards, 
viz. from 3 to 4 A.M., the greatest measured solar length of any acknowledged portion of 
the zodiacal light was 84°, it follows that a glow occasionally seen in the western sky at 
that morning hour, could not be the other end of the zodiacal light ; for that would 
imply a length in the end, previously found the shorter, of upwards of 170°. The glow 
in the west, then, during the morning exhibition of the zodiacal light in the east, is but a 
reflexion of the latter on the atmosphere, and was closely paralleled on several occasions 
by similar reflexions of lunar dawn. 

On August 18th there was observed with the lunar dawn a circumstance that looked 
at first very much like a lunar zodiacal light. At 17 h 5 m the moon's twilight was visible 
as a low flat elliptical arch of faint light ; at 17 h 12 m it had manifestly grown pyramidal 
or pointed above; at 17 h 15 m the point had extended itself into a cone, all of the faint- 
est light, 30° high and some 12° broad; at 17 h 20 m the moon rose. The cone looked 
exceedingly like a lunar zodiacal light ; but on measuring its angle with the horizon and 
finding it always 90°, while the angle of the ecliptic at that part of the sky was only 
38°, the appearance was manifestly a mere local phenomenon of lunar dawn. 

The change from the flat arch to the pointed cone is to be observed in the solar dawn 
as well ; and with the latter, as seen from the mountain, accompanied by overpowering 
light and brilliant colours, is precisely the feature which used to make the measure- 
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ment of the "altitude" of twilight very difficult, when not far removed from the time of 
the sun's appearance. 

Considering the lunar phenomenon again with the solar, the cone, if it had been the 
moon's zodiacal light, ought to have appeared before and not after the first formation 
of the twilight arch ; and it ought to have been some hundreds of times fainter than 
when it so appeared, as the lunar representative of the intensely brilliant pink blush 
preceding the solar day ; and yet, as such, it was not much more than barely visible. 
What then must be the almost inconceivable faintness of the lunar zodiacal light, if it 
exists in the manner explained on the terrestrial hypothesis, and how many grades must 
it be below invisibility to all ordinary human vision % 

Another remark recent theories appear to require. Even when holding the helio- 
centric nature of the zodiacal light, some authors speak of it as a " ring, 1 " with a large 
interstitial space between it and the sun. The view from Alta Vista was as favourable 
as any observer ever had for detecting traces of a ring form, contradistinguished to the 
more generally received opinion of a lenticular mass gradually increasing in density 
towards the centre, where the sun himself is placed ; and I looked particularly to the 
subject, as one bearing immediately on the recently published dynamic theory of the 
solar light and heat. The invariable result was, that not the smallest appearance of any 
traces of the ring form could be made out, but that every thing indicated a mass con- 
stantly increasing in density towards the sun. Down to the very horizon, for instance, 
the intensity of glow continually increased in the axis. This appearance, I may add, is 
also fully borne testimony to in the diagrams of the Rev. G. Jones. 

These diagrams merit a more particular notice, not only because they are the largest 
printed contribution to our knowledge of the zodiacal light yet made, but because the 
author has deduced from them new conclusions as to the nature of the phenomenon. 
The particulars form the third volume of the ' United States Japan Expedition,' and it 
contains more than 700 quarto pages, of which one-half are engraved plates. Mr. Jojsfes 
appears to be an honest, zealous, and most persevering observer. " Although," says he, 
" for six consecutive months, so sick as often to be unable to walk or stand without sup- 
port, I still kept to my work; and the result, whatever it may be worth, has the merit of one 
uniform judgment trained by some experience, and stimulated, I know, by deep earnest- 
ness in the cause." His eye, too, must be powerful beyond the average of men, for he 
says, " I could, in clear nights, with the naked eye, easily make out stars of the 6th, and I 
sometimes thought of the 7th magnitude, through its (the zodiacal light's) densest parts." 

In fact, while reading the introduction to the volume, I found everything to admire, 
until on page xi came this paragraph : — " There is no mention made in any books on the 
zodiacal light, of any differences in the light itself; but I very soon began to notice that 
there was a stronger light at the central part, or along the axis : while, beyond this, on 
either side, and also above, a dimmer kind of light extended itself, as if the matter giving 
us this light was more condensed at its central parts, and was thinned out beyond." 

I cannot but wholly dissent from the opinion expressed above as to the publications 
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of others than Mr. Jones, and am perhaps not less qualified to do so, as I have long since, 
both in writing and in engraving, endeavoured to illustrate that same remarkable shading 
off of the light ; and in doing so, gave it not as anything new, but as in the opinion of 
every astronomer, a leading feature in the appearance of the phenomenon, and a pro- 
bable explanation of much discordance between different observers. 

The shading off is, in fact, so very perfect over the whole extent, and the light, even 
at its maximum point of intensity, low down in its axis, so faint for human vision, that 
two different eyes, or two different degrees of transparency of the air on one and the 
same generally clear night, will entirely alter the apparent boundaries and size of the 
light. According, too, as the background of the sky may be lit up by moonlight or 
otherwise, from the smallest appreciable effect, to the maximum degree of the zodiacal 
light, so will this be seen to shorten from perhaps 60° to 5° or to 0°. 

There can in fact hardly be anything more difficult to apply numerical measure to, 
than definite parts of the zodiacal light; it is like trying to determine the place of a 
comet from observations of the end of the tail only : and Sir John Herschel's admirable 
illustrations to his Cape volume, show some striking instances of the apparent alterations 
in size of Halley's comet, according to the amount of twilight illumination of the sky. 
When such are the natural difficulties of the case, many an observer would leave it 
altogether, and go to something to which measure can be applied rigidly, as the double 
stars ; but we are not therefore all of us to neglect the zodiacal light. It is an existence 
in Nature, and if our usual methods of mensuration will not apply to it, we had .better 
improve them. 

One of the first elements that seems to be demanded, is some approach to a proof of 
the elimination of disturbing effects. It is not enough, for instance, for a man honestly 
to declare what he sees before him ; he must understand the weight and effect of all 
attendant circumstances. When in South Africa, I found a whole season's observations 
rendered abortive by the presence of the planet Venus very near the zodiacal light, 
and rejected them accordingly : I cannot therefore understand Mr. Jones's observations 
with the moon in the same position, as being altogether unexceptionable. Generally, 
too, in my humble estimation, he hardly attaches sufficient weight to the circumstances 
that affect the visual and apparent phenomenon ; and overlooks that two of the habitudes 
which he has discovered in the light, and which form the basis of his theory of a terres- 
trial ring, may be explained in this manner. Thus, that very striking circumstance 
that he has given of the light being somewhat to the north of the ecliptic when he 
was in north latitude, and the contrary when he was in south latitude, and which is 
abundantly borne out by his diagrams as evidenced in the compressed lines of the cone 
on one side, is accompanied also by this circumstance, that the side so compressed is 
almost invariably the acute angle with the horizon, where the vapours of the lower 
atmosphere would infallibly curtail the feeble exterior breadth of that, as compared with 
the opposite, side of the light. 

In his theoretical considerations, again, page xix, Mr. Jones seems to overlook the con- 
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sequences of the zodiacal light medium, on the heliacal hypothesis, varying in density 
with its distance from the sun, as is visibly the case with the light ; for, given an extreme 
rarity in our neighbourhood, and much greater comparative density, united with stronger 
illumination, in the neighbourhood of the sun, there will be hardly any sensible varia- 
tion in the apparent phenomena seen about the sun from the earth, whether this be, or 
be not, immersed in the outermost portions. Some very slight symptoms, as I have 
described already, were given at Alta Vista, of the rare boundaries of the zodiacal light 
extending beyond the earth's orbit ; and Mr. Jones's powerful eye would doubtless have 
shown them stronger still; but to him would of course have been intensified also the 
denser part within the orbits of Venus and Mercury ; so that the question of the place 
of the mass of the light would remain where it was. 

Towards the end of the American volume, a number of cases of lunar zodiacal light 
are given ; but there again the effects of lunar dawn do not seem to have been fully 
allowed for ; and while feeling the utmost admiration for the Rev. G. Jones, as an honest 
and most persevering observer, and while recommending to general attention those phe- 
nomena of lateral and latitude change which he considers that he has discovered, still I 
cannot look on his noble volume, but as in the light of a collection of unreduced astro- 
nomical observations ; and as being therefore not yet altogether arrived at a point, for 
having theoretical views founded upon it. 

(8.) Lateral Refraction. 

Amongst the instructions communicated to me by the Admiralty were the two 
following : — 

" The observer's attention should be directed to any instance of lateral refraction like 
that remarkable case described by Humboldt as having occurred to him at Orotava." 

" Observations to verify Humboldt's remarks on the lateral oscillation of stars near 
the horizon." 

These two passages may be assumed to refer to the phenomenon described at pp. 69 
and 70 of Bohn's translation of vol. i. of Baron Humboldt's celebrated ' Personal Narra- 
tive ; ' and alluded to again in his still more celebrated ' Cosmos,' vol. iii. Sabine's trans- 
lation, pp. 55 and 56. 

Thence it would appear that, not from Orotava, but from the " Ice cavern," at a 
height of 11,050 feet, on the Peak of Teneriffe, very shortly after daybreak on June 
22nd, 1799, small stars 7 and 8 degrees high, towards the E.N.E., appeared to move 
about in a variety of abnormal ways, to an extent that was abundantly and even 
strikingly visible to the naked eye. 

The learned Baron suggests that the approach of the sun, still many degrees below 
the horizon, disturbing the layers of the atmosphere, was the cause of the phenomenon 
he witnessed. In that case we might expect that the effect should be frequently and 
widely observable. This is, however, negatived by his own more numerous South Ame- 
rican observations, as he himself mentions. 
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The same result follows from all my trials with the Sheepshanks telescope at Guajara, 
and the Pattinson equatorial at Alta Vista. At both stations Saturn was frequently 
observed near the eastern horizon shortly before sunrise, and was invariably found steady 
and well-defined, remarkably so, considering the circumstances. 

No case of mirage, in the sense of violent disturbance of refraction, arising from 
grand natural causes, was ever seen by us on the mountain; and an exhibition of the 
sort is hardly to be expected in a breezy locality, almost isolated in the upper regions 
of the atmosphere. So that when Baron Humboldt mentions, that fluctuations amongst 
the eastern stars were seen by Prince Adalbert of Prussia, on the occasion of his ascend- 
ing the Peak, and standing on the very site of his own remarkable observation, viz. the 
Ice cavern, one is inclined to ask, if either of those observers eliminated from what he 
saw, the effects of a vent of hot volcanic air in that immediate neighbourhood \ 

On my first visit to the Ice cavern, when standing outside in the day time at the usual 
resting-place, my attention was called by Mr. Carpeotee, son of the Vice-Consul, to the 
apparent fumes of hot air distorting the rocks, not far off, in the E.N.E. direction from 
where we stood : and we clearly established, on subsequent visits, that the place must 
be a passage for volcanic action. 

A correction then for these heated breaths, as a local disturbing cause, is essential to 
any observations of stars made, in their direction, from the "Ice cavern;" and while there 
is no evidence of the correction having been applied by either party, I am bound to add, 
after having had my attention directed officially to the matter,— that there are several 
grave inconsistencies in the accompanying parts of the narrative of the world-famous 
traveller, which sensibly detract from the importance of the case he has described. 



CHAPTER IV. 

PHYSICAL OBSERVATIONS. 

(1.) Badiation of the Sun by Thermometers. 

Towards obtaining the radiation of the sun, we were kindly lent by Mr. Airy two 
large black-bulb thermometers, having their bulbs enclosed in glass bells, and these fur- 
nished each with a syringe for the purpose of extracting the air. This part having been 
got to work very fairly, the instruments were used against each other, with the idea of 
one giving the true temperature of radiation, the other the temperature of shade. Each 
thermometer rested in its own packing box, placed on a short board ; so that it might be 
conveniently tilted against a wall, to an angle of 90° with the incident solar rays, and 
was as much protected from the wind as possible. The lid of the radiation box was of 
course always open, while that of the shade box was closed, except when the reading 
was being made ; and to obtain this with the greatest safety, the lid was sawed in two, 
so that the part covering the bulb never had to be opened at all ; while to guard against 
the radiation penetrating through the lid, two boards were screwed to its upper surface 

mdccclviii. 3 u 
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at a distance of half an inch apart, and had their faces covered with tinfoil. The 
box was further bored with holes above and below, to allow the circulation of air ; but 
in spite of all these precautions, the shaded thermometer was influenced to about one- 
tenth to one-fifteenth of the existing radiation ; I have therefore found it necessary in 
the reductions to reduce the shaded black bulb to the true shade temperature, by refer- 
ence to the observations made more or less frequently with the dry bulb thermometer 
in the meteorological veranda. 

Extensive series of observations were only made at Guajara, as accidents subsequently 
occurred to the instruments at Alta Vista and Orotava. Some important observations 
were, however, obtained at the latter stations, which may serve comparative purposes. 

Maximum Badiation. 
Observations to this end were made at Guajara on July 31, August 1, 3, 4, 5, 7, 8, 9 
and 10. Rejecting July 31 and August 7, on account of the violent wind, dust-haze 
and clouds, we have the following quantities for the radiation, or the excess of the 
exposed black bulb above the thermometer in the shade : — 

h m 

August 1, at 11 48 a.m., radiation =102*5, temperature = 67*4 

August 3, at 31 p.m., radiation =111*1, temperature =65*0 

August 4, at 9 33 a.m., radiation =121*3, temperature =56*0 

August 5, at 10 40 a.m., radiation =120*4+^, temperature =57*6 

August 8, at 9 14 a.m., radiation =113*3, temperature =60*4 

August 9, at 9 26 a.m., radiation =120*0+^, temperature =58*0 

August 10, at 11 a.m., radiation =116*0+^, temperature = 62*0 

I August 6, at 10 36 a.m., radiation = 114*9+# xf, temperature =60*9 
7 obs. J 

At Orotava, observations on August 27 gave — 

h m 
At 11 33 a.m., radiation = 99*8+^, temperature = 78*2, 

and at Alta Vista, observations on September 1 and 2 gave, — 

h m . _ 

o 

Sept. 1, at 8 46 a.m., radiation =12 7*8 +#, temperature =49*2 
Sept. 2, at 9 30 a.m., radiation =127*5+^, temperature = 49*5 

Mean of j gept -^ at 9 8 AM ^ radiation =127*6+^ temperature =49*3 
2 obs. J 

The expression +# used above indicates that the mercury had risen through the 
whole length of the radiation thermometer-tube 178° or 179°, and was accumulating 
to an unknown extent in the small bulb which the maker had fortunately constructed 
there. A third radiation thermometer, kindly procured for us by Dr. Lee, at his 
expense, without such an upper bulb, was broken from this cause, I am sorry to say, on 
the first day of observation at Guajara, before we had become aware of the intense force 
of the direct rays of a mountain sun. 
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Of the value of x I can form but a very remote idea, perhaps 10° or perhaps 30°, 
The circumstance of there being such a quantity, while illustrating the powerful radia- 
tion of the region, prohibits any attempt at exactitude in the conclusions to be drawn : 
but we may notice the earlier hour of the day, at which the maximum would seem to 
take place, as the station is higher, as well as the greater intensity of the radiation : 
while, that the increase should appear to be nearly as great between Guajara and Alta 
Vista, as between the sea-level and Guajara, is a circumstance that bears notably on the 
question of its being practically advantageous to secure for astronomical instruments, 
heights greater still than any yet experimented on. 

Badiation with the Sun on and below the Horizon. 

At Guajara the radiation at night was found to be — -11°*4, with a temperature of 52°; 
at sunrise — -4°*0, with a temperature of 51°*2; and at sunset +12°*0, with a tempera- 
ture of 59°*8, for the beginning of August. 

That the excessive radiation of the day should heat up the air in the west is not to 
be wondered at; but that the sun's influence is so weak at rising, that the joint effect 
of its rays and the general eastern exposure should produce a negative effect, is very 
remarkable. 

The individual observations are as follows : — 

h m ^ 

Night radiation, August 1, at 2 28 a.m., radiation = — ' 5*3, temperature =53-3 
Night radiation, August 4, at 1 43 a.m., radiation = — 17*4, temperature =50*8 

Mean . . 



. August 2, at 2 

Sunrise radiation, August 2, 

Sunrise radiation, August 4, 

Sunrise radiation, August 8, 

Mean . . August 5, 

Sunset radiation, August 1, 

Sunset radiation, August 8, 

Mean . . August 5, 



6 a.m., radiation = —11*4, temperature =52*0 

radiation = — 1*9, temperature = 52*6 
radiation = — 5*5, temperature =47*2 
radiation = — 5*0, temperature = 53*8 

radiation = — 4*0, temperature = 51 *2 

radiation = + 6*8, temperature =58*8 
radiation = + 17*2, temperature =60*8 

radiation = +12*0, temperature = 59*8. 



Horary Variation of Badiation. 

For the purpose of obtaining the march of the radiation through the twenty-four 
hours, the observations of August 1 and 4 seem safer to be employed than any of the 
others; the first day having, however, the drawback, that the amount of radiation 
appears to have been lowered throughout the twenty-four hours, by the violent and 
unusual wind which was blowing at the time. This effect was strongest about sunrise ; 
but for this period we are enabled to supplement the observations of August 1 by those 
of August 4, which appears to have been an unexceptionable day. As usual on such 
days, the mercury mounted soon after 9 a.m. above the graduation of the thermometer. 

3u2 
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Obtaining, however, the ratio of the true radiation of August 4, and the wind-lowered 
radiation of August 1, during the period common to both, and applying it throughout, 
we have for the latter day the following tabular view of the progress of radiation + and 
— through the twenty-four hours, at the height of 8903 feet above the sea-level. 



Radiation at Guajara on August 1, corrected. 



Date. 


Radiation. 


Temp. 


Date. 


Radiation. 


Temp. 


Date. 


Radiation. 


Temp. 




h m 


o 


o 


h m 






h m 


- &3 




Aug. 


1. 4 43 a.m. 


- 5-8 


47 


Aug. 1. 1 13 p.m. 


+ 123-4 


60 


Aug. 1. 9 43 p.m. 


49° 




4 58 a.m. 


- 5-6 


47 


1 28 p.m. 


119-4 


61 


9 58 p.m. 


6-1 


50 


At 5 h 10 m Sunrise 






1 43 p.m. 


123-1 


61 


10 13 p.m. 


6-7 


50 




5 13 a.m. 


- 3-0 


47 


1 58 pm. 


123-4 


60 


10 28 p.m. 


5-8 


49 




5 28 a.m. 


+ 7-0 


47 


2 13 p.m. 


119-2 


60 


10 43 p.m. 


6-3 


49 




5 43 a.m. 


30-5 


48 


2 28 p.m. 


121-2 


60 


10 58 p.m. 


6-4 


49 




5 58 a.m. 


49-0 


48 


2 43 p.m. 


116-7 


59 


11 13 P.M. 


6-0 


48 




6 13 a.m. 


63*0 


49 


2 58 p.m. 


112-3 


60 


11 28 p.m. 


6-0 


48 




6 28 a.m. 


73-0 


49 


3 13 p.m. 


112-3 


59 


1 1 43 p.m. 


6-4 


48 




6 43 a.m. 


81-0 


50 


3 28 p.m. 


110-7 


59 


11 58 p.m. 


6-1 


48 




6 58 a.m. 


88-0 


50 


3 43 p.m. 


112-6 


58 


Aug. 2. 13 a.m. 


6-0 


48 




7 13 a.m. 


96-5 


51 


3 58 p.m. 


109-5 


59 


28 a.m. 


5-7 


48 




7 28 a.m. 


99-0 


51 


4 13 p.m. 


108-9 


58 


43 a.m. 


4-7 


48 




7 43 a.m. 


101-0 


52 


4 28 p.m. 


103-2 


58 


58 a.m. 


. 5-7 


48 




7 58 a.m. 


103-0 


52 


4 43 p.m. 


98-1 


57 


1 13 a.m. 


5-7 


48 




8 13 a.m. 


106-5 


53 


4 58 p.m 


93-6 


56 


1 28 A.M. 


5-5 


48 




8 28 a.m. 


109-0 


54 


5 13 p.m. 


104-8 


56 


1 43 a.m. 


5-5 


48 




8 43 a.m. 


113-0 


54 


5 28 p.m. 


104-7 


55 


1 58 A.M. 


6-6 


48 




8 58 a.m. 


116-1 


55 


5 43 p.m. 


100*0 


55 


2 13a.m, 


5-4 


48 




9 13 a.m. 


117-5 


55 


5 58 p.m. 


93-0 


54 


2 28 .a.m. 


8-9 


48 




9 28 a.m. 


119*0 


56 


6 13 p.m. 


70-6 


54 


2 43 a.m. 


5-8 


48 




9 43 a.m. 


121-0 


56 


6 28 p.m. 


46-9 


53 


2 58 a.m. 


5-8 


48 




9 58 a.m. 


124-2 


57 


6 43 p.m. 


15-9 


53 


3 13 a.m. 


5-2 


48 




10 13 a.m. 


125-2 


57 


At 6 h 49 m Sunset 






3 28 a.m. 


5*1 


48 




10 28 a.m. 


121-2 


58 


6 58 p.m. 


+ 3-7 


52 


3 43 a.m. 


4-3 


48 




10 43 a.m. 


120-0 


59 


7 13 P.M. 


— 1-5 


51 


3 58 a.m. 


4-5 


48 




10 58 a.m. 


124-0 


59 


7 28 p.xM. 


3-9 


51 


4 13 a.m. 


5-4 


48 




11 13 a.m. 


123-9 


59 


7 43 p.m. 


6-7 


51 


4 28 a.m. 


3-7 


48 




11 28 a.m. 


144-0 


59 


7 58 p.m. 


6-7 


51 


4 43 a.m. 


3-4 


48 




11 43 a.m. 


152-2 


59 


8 13 p.m. 


6-4 


51 


4 58 a.m. 


3-3 


48 




11 58 a.m. 


152-4 


60 


8 28 p.m. 


6-4 


50 


At 5 h ll m Sunrise 








13 p.m. 


146-4 


60 


8 43 p.m. 


7-3 


50 


5 13 a.m. 


- 2*0 


47 




28 p.m. 


3 39-8 


60 


8 58 p.m. 


6-3 


50 


5 28 a.m. 


+ 1-7 


48 




43 p.m. 


132-1 


60 


9 13 p.m. 


6-1 


50 


5 43 a.m. 


22-5 


48 




58 p.m. 


+ 130-2 


60 


9 28 p.m. 


- 6-0 


49 


5 58 a.m. 


+ 43*0 


48 



With both temperature and radiation in the preceding Table, the object has been 
to exhibit what takes place on the most favourable day, not to take a mean of a number 
of days, good and bad; a plan which, however proper for the meteorology of the 
mountain, is not suitable to an inquiry into the heating power of the sun. There would 
have been advantage, doubtless, in taking a mean of a number of equally favourable 
days, if they could be had, partly to eliminate errors of observation, partly to eliminate 
the little varying asperities in the radiation curve, produced by natural influences: 
taking the quantities, however, as they stand, we may derive from them some useful 
hints for ulterior proceedings ; as thus, that the next black-bulb thermometer prepared 
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for observation on a high mountain should be graduated to above 212°, such a tempera- 
ture of radiation having been reached on Guajara in the middle of the day. 

Towards the chief astronomical end of the Expedition, there is yet a more interesting 
conclusion to be drawn. The days of highest radiation are those of least temperature, 
and vice versa ; and this difference obtains in a signal degree on days when there was no 
visible disturbing action of wind or clouds. What then causes the radiation of one day 
to be greater than that of another, and the temperature less ] The immediate agent 
appears to be the atmospheric dust, which has already been spoken of in the Astrono- 
mical Journal as so prejudicial a medium to telescopic vision, weakening direct light 
and multiplying general light; acting, in fact, by light precisely as the measures oi 
radiation and temperature prove that it does by heat. 

Hence, then, we may easily understand why, with the dust strata rising to a very 
limited height, say 11,000 feet, the small difference of altitude between AltaVista and 
Guajara produced as great an increase in the radiation as did the great difference, nearly 
four times as great, between Guajara and Orotava. Hence also we are furnished with 
a very portable apparatus for ascertaining on a high and distant mountain the principal 
elements that produce a good astronomical site. 

(2.) Radiation by Actinometer. 

In the accurate determination of solar radiation for physical inquiries, the black-bulb 
must yield to Sir John Herschel's actinometer. That, in principle, has been stated by 
an able judge to be perfect ; but the instruments themselves, as furnished by the best 
maker in 1856, according to our Teneriffe experiences, have not arrived at equal practical 
perfection. One of the most improved, the only one procurable at the time we left 
England, was very kindly lent by Mr. Airy, and with great generosity he ordered 
another to be constructed by the same artist as quickly as possible, and sent after us. 
Of these two, the internal thermometer of the first, when unpacked on Guajara, was 
found broken, and the actinometer-bulb had leaked, under circumstances of carriage, 
where barometers, thermometers, and even the gold leaves of an electrometer, and the 
silk fibre of a thermo-multiplier, travelled with perfect safety : the second actinometer, 
only arriving in Teneriffe at the conclusion of the summer, never got beyond the Con- 
sul's office in Santa Cruz ; nevertheless — though admirably packed, first in its own box, 
and then with this placed in the centre of a much larger box, and filled in on every side 
with paper shavings — it had leaked, and to such an extent, that the fluid could not be 
brought into the graduated tube. No additional stock of fluid, and no solid materials 
for preparing it with water, had been supplied with either instrument. I mention these 
things only as indications of improvements to be made on the next occasion. 

Trying to make up for the broken internal thermometer of the first actinometer on 
Guajara, by placing a small one, wrapped up in blue calico, under the glass covering 
the great blue bulb, I began to make observations on August 7 ; they were continued 
throughout the day, except during a cloudy interval. Wind and haze much interfered 
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with the results. August 8, however, opened more auspiciously, and I began before 
sunrise; and with the assistance of the mate and carpenter of the yacht, kept up 
observations continuously throughout the day, until the leaking of the bulb (which had 
begun again in the middle of the day, apparently from some effect of the heat twisting 
the wood, and finally splitting the glass) increased to such an extent, that the graduated 
tube could no longer be kept full. 

Considering the state of the instrument, the only purpose that the observations can 
be made useful for, is to institute a rude comparison with the results of the black-bulb 
thermometers, which were simultaneously observed throughout the day. To facilitate 
this purpose, the actinometer results in the following Table have been multiplied by a 
factor, such as was found by trial, to make the sum of its degrees or divisions throughout 
the day, equal to the sum of the thermometer degrees. Each actinometer reading in the 
Table is the result of four " suns" and three " shades," corrected for temperature by the 
reading of the small inserted thermometer, and the Table given by Sir J. Hebschel in 
the 4 Admiralty Manual.' Each black-bulb reading is the result of a pair of readings 
before and a pair immediately after each group of actinometer observations. 

Comparison of Actinometer and Black-bulb results for Solar Eadiation on August 8, 

on Guajara. 



Time. 


Actinometer 


Black-bulb 




Time. 


Actinometer 


Black-bulb 




Time. 


Actinometer 


Black-bulb 




radiation. 


radiation. 






radiation. 


radiation. 






radiation. 


radiation. 


h in 


a 


© 


h 


m 


d 




h 


m 


d 




5 10 a.m. 


- 1*8 


- 2*8 


9 


6 A.M. 


-f 88-2 


+ 100*0 


1 


30 p.m. 


+ 85-1 


+71-0 


5 14 a.m. 


Sun rose. 




9 


28 A.M. 


83-3 


100-2 


1 


54 p.m. 


85-1 


80*8 


5 32 a.m. 


4-22-5 


+ 5*4 


9 


44 A.M. 


85-0 


99-0 


2 


24 p.m. 


89*9 


81-8 


5 48 a.m. 


36-3 


26-8 


10 


A.M. 


84-6 


99-3 


2 


54 p.m. 


84-2 


76-0 


6 IG A.M. 


56-7 


52-1 


10 


14 A.M. 


84-2 


98-2 


3 


24 p.m. 


76-6 


72-4 


6 24 A.M. 


59-8 


61-2 


10 


34 A.M. 


81-1 


98-4 


3 


44 p.m. 


83*7 


71-9 


6 40 a.m. 


63-3 


69-2 


10 


54 A.M. 


78-8 


93-7 


4 


P.M. 


81-5 


71*9 


7 4 A.M. 


68-7 


57-6 


11 


14 A.M. 


79-3 


89-2 


4 


14 P.M. 


71*8 


70'4 


7 20 A.M. 


74*4 


72-2 


11 


30 A.M. 


74-4 


87-0 


4 


32 p.m. 


77-0 


67-9 


7 34 a.m. 


77-1 


79-0 


11 


44 A.M. 


72-6 


87*4 


4 


46 p.m. 


75-3 


64-5 


7 56 A.M. 


81-1 


84-8 





10 P.M. 


94-4 


87-0 


5 


4 p.m. 


62-0 


62-6 


8 18 a.m. 


82-8 


88-0 





34 p.m. 


93-5 


82-9 


5 


£0 p.m. 


63-3 


58-3 


8 32 a.m. 


85*9 


88-0 





54 p.m. 


79-7 


74-0 


5 


44 p.m. 


+ 54-5 


+ 46-6 


8 48 a.m. 


+ 85-4 


+ 95-6 


1 


14 P.M. 


+ 84-2 


-f 72-0 






Actinometer 
broke down. 





Much as might be expected from the principle of the actinometer, it approved itself 
at sunrise as the more sensitive instrument ; but the cause of the differences between the 
two instruments through the middle of the day is not equally plain ; neither of them 
follows the law of altitude, and their differences from each other are far beyond errors 
of observation. 

(3.) Badiation of the Moon. 

For the particulars of observations with the excellent thermo-multiplier kindly lent 
by Mr. Gassiot, reference may be made to volume 1, where the whole of them are 
entered, with notes of all attendant circumstances. Here it may suffice to state the 
resulting mean quantities. 
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On August 15th, the night of the full moon, the altitude of the moon being 42°, three 
readings of the needle with the cone of the battery turned towards the moon, compared 
with three readings before and three readings after, when the cone had been turned in 
azimuth about 20° east of the moon, gave a heat effect for the moon : — 



Sidereal time. 




h m 


o 


At 21 11 . . 


. +1-0 


At 21 17 . . 


. +0-1 


At 21 20 . . 


. +1-9 


At 21 24 . . 


. +0-2 


At 21 27 . 


. +0-3 


At 21 31 . 


. +0-2 


At 21 35 . 


. +0-6 


At 21 37 . 


. +0-7 


At 21 44 . 


. . +o-i 


At 21 46 . 


. . +0-5 


Mean of ten groups, each group 


C0n -}^ 


sisting of nine observations . 



Then comparing the moon readings with readings west as well as east, before and after, 
the following results were obtained : — 

Sidereal time. 

h m 

At 21 48 . . . +0-3 

At 21 50 . . . +0-5 

At 21 52 . . . +0-3 

At 21 54 . . . +0-3 

At 21 56 . . . +0-2 

At 22 1 . . . +0-1 

At 22 3 . . . +0-1 

At 22 5 . . . +0-2 

At 22 7 . . . +0-1 

At 22 9 . . . +0-2 

At 22 11 . . ." +0-2 

At 22 13 . . . +0-5 

Mean of twelve groups .... +0-25 

Placing one of Pkice's candles (for his emigrant's ship lantern) in a square tin lantern, 
blacked inside, with the door open, on a tripod at a distance of 14 feet 9 inches from 
the thermo-multiplier, and taking exactly as in the case of the moon, groups of readings 
for east of the candle, the candle, and west of the candle, the following results were 
obtained for the heat of the latter : — 
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h m 





At 22 27 . 


. +0-9 


At 22 29 . 


. . +0-5 


At 22 31 . 


. +0-9 



Mean of three groups, including V 
twenty-one readings . , .J 

o 

My naked hand, held at a distance of 3 feet, produced about + 7'0, 
and at a distance of about 3 inches, produced about . . +20*0. 

Again, on August 16th, or the day after full moon, and with that luminary at a 
height of 49°, the comparison of similar groups to those of the previous night gave, — 

Moon's heat, 
h m 

At 22 43 . . . +0-2 

At 22 45 . . . +0-3 

At 22 54 . . . +0*2 

At 22 56 . . . +0-6 

At 22 58 . . . +0-5 

At 23 . . . +1-9 

At 23 2 . . . 0-0 

At 23 14 . . . -04 

At 23 16 . . . +0-2 

At 23 18 . . . +0-8 

At 23 20 . . . +0-2 

Mean of eleven groups .... +0*44 

The hand held at a distance of 18 inches in front of the cone, produced at 23 h 27 m a 
heat effect of +9°-0. 

The "hand" observation of each night was rude, and merely to be sure of the sign 
accompanying heat ; but the candle observations were made as carefully and accurately 
as possible ; and as Price's candles appear to be very uniform in quality, it is possible 
that the value of the degrees of the thermo-multiplier may be accurately obtained in 
terms of Fahrenheit by further observations in this country. We shall then be able to 
state the moon's radiation in similar terms to the sun's. That the moon's radiation was 
fully sensible, the above observations will I think abundantly show ; the only doubt is 
the respective weights to be given to the different series. The observations of the 16th 
having been affected by wind, and the first series on the 15th having been one-sided, I 
am inclined to weight them as follows : — 

15 I =2, 15 2 =4, and 16 = 1. 
The simple arithmetical mean is, for the 

Moon at 45° high ..... Radiation =+0°*42 
When corrected for the weights it becomes . = +0°-37 
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Sir John Herschel has explained the inability of observers at low levels to obtain 
heat indications of the moon's rays, by considering that the heat is spent in dissipating 
vapours in the upper regions of the atmosphere, and so explains the preponderance of 
clear over cloudy nights at the time of full moon. On Guajara, there appeared to be 
a strong tendency to " upper" clouds during the several days preceding full moon, but 
on that night every particle of them disappeared; the lower clouds, however, were 
constant through the whole lunation. This does seem to confirm Sir John's idea ; and 
to show too, that the moon's heat, though effective at great heights, is entirely expended 
before arriving at the lowest strata of cloud, 2300 feet above the sea. The elevation of 
the upper clouds which were apparently so effectually acted on, we had no means of 
accurately judging of, but I should suspect that it could not have been less than 15,000 
feet; at that height then, or higher, should be made the next observations on the 
radiation of the moon. 

(4.) Lines in the Spectrum. 

Towards observing the black lines in the solar spectrum, we had a speculum to reflect 
sunlight, kindly furnished by Mr. J. Nasmyth, C.E., and an apparatus consisting of a 
prism, a fine adjustable slit placed in the focus of a 2-inch object-glass, and a telescope 
of the same size, with magnifying powers as high as 30, prepared for, and lent to us, 
by Mr. Airy. There was no angular measurement contemplated ; only eye observation, 
and comparison of differences between the spectrum seen, and that engraved by Fraun- 
hofer. To employ these instruments on Guajara, a small chamber, some 10 feet square, 
was built of rude stone, roofed in with planks and old canvas, and further covered with 
a quantity of " retama" branches to keep out every particle of the sun's light: while a 
square tube of wood, 5 feet long, with a moderate aperture at the end, was thrust through 
the wall in the direction of the speculum mounted on a small stone pier outside. In 
this manner a considerable degree of darkness was secured, even when the sun's rays 
were being reflected into the instrument. 

A cursory examination of the spectrum showed much general correspondence with 
Fraothofer's view as to the principal lines ; but so great discordance as to detail, that 
I thought it better to proceed on an entirely independent footing, and make original 
drawings of what I saw ; and when well satisfied with them, to compare them with the 
engraving. One evening trying the sun unusually low, and finding new features worth 
following up further than could be done while using the reflected ray from the speculum, 
I took the prism apparatus out into the open air, and by means of a theodolite stand 
and photographic black bag, was enabled to continue the observations until the sun set 
at the usual mountain zenith distance of 91° 11'. These direct observations of the sun 
were repeated on many occasions with the sun both east and west. The lunar spectrum 
and that of the blue sky were also similarly examined. 

So far for the Guajara experiences. At Alta Vista a similar optical dark room was 
prepared ; but profiting by hints procured from the direct use of the line instrument at 
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low altitudes, I tried it on the sun at mid-day in the same manner ; when an immense 
increase in the number and definition of the black lines at the violet end took place. 
With the reflected ray, the two bars of H could but just be discerned as faint nebulous 
streaks, B, C, and D being as sharp and as black as silver wires in a telescope ; with 
the direct ray the individual lines composing the bars of H could be distinctly separated, 
and many lines appeared indistinctly in the space beyond. The conclusion thence to 
be derived was, unfortunately, that our particular speculum did not reflect the violet 
end of the spectrum ; and our observations were therefore not comparable in that part, 
even if they were in others, with standard observations elsewhere. The discovery was 
made too late to enable a direct determination to be made for Guajara, but the method 
was employed for Orotava when we returned there from the mountain a few days after. 

Red End of the Solar Spectrum. 

In the accompanying Table (Plate XXXV.) are arranged the whole of the drawings 
of the red end of the spectrums that were taken at the three stations, on the same scale 
as Fraunhofer's justly celebrated Munich engraving. The times and circumstances of 
the observations being appended, will enable any one to judge of the reality of the facts 
purporting there to be represented. 

Bearing in mind that great accuracy of position is not pretended, and that though 
much care was bestowed on the general appearance, thickness, and definition of the lines, 
the shortness of the time available was entirely inadequate to procuring a good drawing, 
and that several of the diagrams should be employed together in deducing a result, — 
we may proceed to the examination. Comparing the eleven Teneriffe spectrums of the 
sun with Fraunhofer's, we can only assume identity in place of the lines A, #, B, C, 
D, E, and b: everything else appears differently. Of this difference the prevailing 
feature appears to be, that whereas Fratohofer's spectrum stretches to beyond A, 
which is seen by him as a clear and distinct line, — he gives none of the numerous broad 
bands and groups of lines between A and a, and a and B, that were visible on the 
mountain and below, whenever A was quite or nearly visible. 

From the fact of Fraunhofer's spectrum including A, we might be entitled to expect 
from the Teneriffe observations, that it represents the sunset appearance (see No. 10) ; 
but then how can the omission of the broad bands of lines between A and B, and C 
and D, and especially those beyond D, be explained % If, on the contrary, the absence of 
those marked bands is to be regarded as a proof that a high spectrum was intended, 
Nos. 1, 2, and 3 indicate that A should not be seen in such a position. Again, while 
the spaces between A a and #B are blank in Fraujsthofer, and well filled in Tene- 
riffe, he has some lines between B and C, a compartment always remarkably empty 
with us. 

Comparing the Teneriffe observations inter se, we may assume 2 and 3 as giving a 
near approach to a zenith solar spectrum, and 4, 5, 6, 7, 8, 9, 10 as giving the effects 
superinduced by the sun being seen through a greater thickness of the atmosphere by 
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lowering in altitude only, all the observations being made at the same station, viz. 
Guajara at a height of 8903 feet. 

A zenith spectrum then, at that height and with the particular apparatus employed, 
would appear to begin between a and B ; and, excepting the lines C and D, to have 
nothing noticeable between B and E. A horizontal spectrum, on the other hand, sta- 
tion and instrument remaining the same, begins outside A, has numerous powerful 
bands of lines between A and B, but none between B and C ; and while C has not in- 
creased in thickness, B has more than quadrupled its size, maintaining full sharpness 
and definition. Again, a certain excessively fine line, at the distance of B to C beyond 
C, has grown to many times the thickness of the latter, and is accompanied by a broad 
and marked band of finer lines. A more extensive increase still is perceived in the 
innumerable lines between C and D, and immediately beyond D. Of these variations 
from a zenith spectrum, as observed phenomena, there is no doubt ; for the series of 
drawings, taken quite independently, are found on being now brought together, to con- 
firm each other in the result of the growth of these lines with the zenith distance. The 
observations of August 9 are the most important to this end : there were three draw- 
ings obtained the same evening, and the lines grew visibly under my eyes : the red end 
apparently lengthened out from B to A; additional lines were seen every succeeding 
moment, and the old ones became better defined, causing nebulous bands at 85° zenith 
distance to become groups of fine black lines at 91° zenith distance. Looking at the 
same time to the notes of colour, the red seems continually to have grown, to the final 
exclusion, at 91° zenith distance, of yellow as a pure colour, orange merging at once into 
green. 

* Contrasting now No. 1 with Nos. 2 and 3, we find, if we may overlook the two latter 
having been observed by reflected, instead of direct rays, that a zenith spectrum at the 
sea-level differs most notably from one on the mountain, by the greater extent of the 
red end visible, and by the increased number of lines ; and that, though it shows some 
approximation to a low-sun mountain spectrum, it has some radical differences there- 
from. 

Professor Stokes indeed suggests, that the deficiency of the red end of my high-sun 
mountain spectra may be due to the more luminous rays extinguishing the faint red ; 
and that if the former had been absorbed by a cobalt-blue glass, or the extreme red 
separated by refraction through a second prism, A might have been seen ; just as in fact 
it was seen with the low-sun spectra, when the atmosphere acted the part of a suitable 
absorbing medium ; and the suggestion is of extreme value for future experiments, though 
it is proper to state, that onTeneriffe the magnifying power employed was such, as neces- 
sarily to throw the brightest part of the spectrum out of the field of view when the 
extreme red was under examination. 

Red End of Sky Spectrum. 

No. 13 appears to show that a zenith sky spectrum on the mountain with the sun in 

3x2 
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the neighbourhood, does not differ much from the solar spectrum; but Nos. 14, 15, and 
16 show that such a spectrum, with the sun somewhat low, as 20°, has neither lines nor 
light at the red end, but that they gradually increase as we try the lower regions of the 
sky, showing there the remarkable multitude of lines beyond D. 

Taking together the whole of the sky spectrums, 12 to 17, and comparing them with 
those of the sun, we find that C is not marked in circumstances where it might be 
expected ; and when it does appear, it is overpowered by the " growing " line in the 
direction of D. Likewise D is overpowered by the numerous broad bands beyond it ; so 
that when the spectrum is seen faintly, those variable lines might easily be mistaken for 
C and D, and a greater degree of identity might thence be considered to prevail between 
the sun and sky spectrums than actually obtains. 

Red Ends of Lunar Spectrums. 

The moon was not well situated for spectrum observations, though drawings were 
obtained on August 13th and 15th, at altitudes of 25° and 38°; and at times, two days 
before, and on the night of, the full moon. 

The most striking feature was the blood-red character of the red end; beyond the 
extreme intensity of this colour, the other tints had nothing notably different from a sun 
spectrum. Notwithstanding the amount of red light, no lines could be perceived there: 
in this circumstance was a striking difference to the low sun spectrums, where, as the 
red became predominant, the number, size and visibility of the lines in the red increased 
also. The first line identified in advancing from the red end, was the growing line 
between C and D ; from thence was a long blank space until three fine lines near E were 
seen, then E and F. These observations were direct. 

Violet End of the Spectrum. 

Eight drawings of the violet end of the sun's spectrum, two of the sky's, and two of 
the moon s were obtained ; but I do not think them worth engraving here, as most of 
them labour under the untoward effects of the speculum. It may suffice to remark, 
that at Guajara, the vertical sun spectrum terminated beyond H, while the horizontal 
sun spectrum was so shortened at that end as to terminate between H and G. 

Again, comparing a high sun spectrum at the sea-level with a similar one at Alta 
Vista, 10,702 feet high, both observed direct, it was found that while in the former the 
spectrum terminated immediately beyond H, and the two bars of H were nebulous, in 
the latter the spectrum extended beyond H to three times the distance of its bars 
asunder : the two said bars also lost all their nebulosity, being clearly resolved into their 
component lines; many fine clear lines were seen between them, and many appeared 
nebulously in the space beyond. In the sky spectrums, and more particularly in those 
of the moon, the prominence of G was remarkable ; next came F, while H was nearly if 
not quite invisible. 
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(5.) Stokes's Spectrum. 

At Guajara many experiments were made in the dark optical room with a quartz train, 
lent by Professor Stokes, but they are all unfortunately faulty, by reason of the speculum 
employed. 

Of two large drawings that were made on August 10 and 12, near noon, one ter- 
minates at the limiting line in a drawing of the extended spectrum furnished to me by 
Professor Stokes, the other contains two lines more. What would have been the result 
had the direct solar light been employed, may be gathered from the two subjoined draw- 
ings of the violet end of the ordinary spectrum, as seen with the glass apparatus at Alta 
Vista: they were taken on the same day, September 12, and within a short time of each 
other. 

I Mill 111 Eeflected. 
nebulous. nebulous. 

i Jim ii ii in in Direct - 

clearly resolved. 

The mean, then, of the observations on August 10 and 12 shows that a little more of 
Stokes's new portion was seen on the mountain than has been seen near the sea-level, 
notwithstanding the drawback of the speculum; while if we add for that, what we. are 
fairly entitled to do from the two above views of H, direct and reflected — we may assume 
that there is a much greater amount of the more refrangible rays in the sun's light in 
the upper, than in the lower regions of the atmosphere. 

This result is confirmed by another observation. The spectrum formed by the quartz 
train was frequently photographed on a collodion plate, and the image so formed was 
found identical with that presented to the eye by uranium glass. Taking then powerful 
photographic effects as an indication of the abundance of rays of high refrangibility, it 
is very remarkable to find, on looking over my landscape photographs, about 120 in 
number, and pretty nearly equally divided between the three stations, Orotava, Guajara, 
and Alta Vista, that not only is there always a greater intensity, but that the distances 
came out invariably much better, in proportion as the station is higher. 

At the height of 10,702 feet, the eastern wall of the crater of elevation, distant some 
four miles, is given with all the detail that the eye could appreciate at the time; 
while at the sea-level on the finest mornings, and when the cliffs above Eealejo, not 
three miles distant, were vividly illuminated by the morning sun, and casting on one 
side dense and dark shadows — yet the photographs would persist in giving nothing but 
the mass of the mountain in one uniform tint, save only one remarkably white stratum. 
This at least testifies to the focus having been exact ; while the detail of things in the 
foreground is represented with such vigour, as to prove that the quality of the photo- 
graphic material was by no means deficient. 

In place of showing the mountain with all the intense detail brought out to the eye 
by the sun shining strongly on its rocky slopes, the appearance was rather as if that 
luminary were on the other side, and we only saw the shaded form of the ridge. Or 
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it might be likened to the effect that would have taken place to the eye, had the moun- 
tain been seen through a much greater depth of atmosphere, or had that atmosphere 
been thicker, as with a diffusion of smoke throughout it. 

(6.) Magnetometer. 

For the purpose of obtaining observations of magnetic intensity, a vibrating needle 
was kindly supplied by Mr. Airy, together with some fine aloe fibres, procured by him- 
self in Madeira. On opening the boxes at Guajara in the beginning of August, at 
which time most of our instruments were suffering from the extreme drought, the maho- 
gany stand was found to have so shrunk on the thick plate-glass cover of the needle 
area, as to fix it in completely. By cutting away the wood, however, around the glass, 
it was got out, and on August 10, 12, and 13, observations were made at that station, 
8903 feet high. On August 24, observations were made at Alta Vista, 10,702 feet high, 
and on August 27 in Orotava, at a height of only 25 feet above the sea-level. 

The plan of observation pursued, was exactly the same at all the stations : the needle 
was set swinging at a large angle, by advancing a knife, and was then observed at every 
tenth vibration, through 300 vibrations; the mean angle of a series was always near 45 c ; 
and a correction has been since applied to reduce the readings exactly to that angle. 
The times were observed by a sidereal chronometer. 

Magnetometer. 



No. 


Date. 


Locality general. 


Locality particular. 


Mean of 
thirty ob- 
servations 
of ten se- 
conds each. 


Mean for 

each 
station. 


1 

2 
3 
4 
5 


h m 

Aug. 11, 4 10 p.m. 

Aug. 11, 4 46 p.m. 
Aug. 12, 5 40 a.m. 
Aug. 12, 6 10 a.m. 
Aug. 13, 9 a.m. 


Guajara ♦ 


f On a pedestal of the trachyte stone 1 
< of the hill, and under the shade > 

L thrown by a deal plank J 

Ditto 


sec. 

38-02 

38-05 
37-91 
37*90 
38-31 


s. 
>38-04 

.J 


Guajara 


Guajara 


Ditto 


Guajara 


Ditto 


Guajara 


Ditto 


Altitude= 8,903 feet 




6 

7 
8 


Aug. 24, 1 30 a.m. 

Aug. 24, 11 25 a.m. 
Aug. 24, 3 20 p.m. 


Alta Vista 


f In shade of large block of black 1 
\ lava, N.E. of station J 


37-72 

39*05 

38-58 


^38-45 


Alta Vista 


In shade of lava stream, to S. of station 
In empty room in station 


Alta Vista 


Altitude= 10,702 feet 




9 
10 
11 


Aug. 27> 8 a.m. 
Aug. 28, 7 35 a.m. 
Aug. 28, 8 20 a.m. 


Orotava 


Basalt step of Inn yard 

Basalt step of Inn yard 


37-54 
37-67 
37-99 


V37-73 


Orotava 

Orotava 


Centre of Inn yard 


Altitude = 25 feet 





It is satisfactory to find the means of all the observations at each station giving a con- 
tinually increasing time of vibration with the altitude, but I do not attach importance 
to the result, because, — 1st, a difference far exceeding the whole effect of height appears 
to have been caused at Alta Vista by change of position in the instrument with reference 
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to the lava streams ; and 2ndly, the rocks at the several stations were found to be slightly 
magnetic in hand specimens; the most powerful of them was one from Guajara, consist- 
ing of obsidian and trachyte in alternate laminee : the origin of the specimen was a small 
crater about 100 feet below the station, and the material was present there in large 
masses. 

(7.) Polarimeter. 

A polarimeter, devised by Mr. Airy, constructed and kindly lent by him for the 
Teneriffe experiments, was employed frequently ; but not, I find now, and am sorry to 
say, with so much discrimination as would have been advisable. 

The instrument consists of a principal tube, capable of being turned round its own 
axis, and of being pointed in any direction, its angular distance from the sun being 
given by a shade-bar on a graduated semicircle ; this semicircle being mounted on a 
collar, which is free to turn, or can be clamped on the tube. The light which passes 
down from the sky through the tube falls on a bundle of reflecting glass plates, sup- 
ported just under the tube's lower end, on a transverse axis, carried by two afms pro- 
jecting from the sides of the tube. This axis allows the glass plates to have their 
inclination varied at pleasure, with reference to the tube's incident light, and has con- 
nected with it a mechanism, by which an eyepiece, armed with a Nicol's prism and plate 
of calc-spar, is always carried in the direction of the reflected light ; graduated arcs 
being added at the side, for reading off the angles of incidence and reflexion. 

Now with this apparatus, when its eyepiece is at the angle of complete polarization, 
the polarization produced by the glass plates is necessarily shown, and the corresponding 
coloured rings exhibited; but at angles of such imperfect polarization, that their 
diminution of the coefficient of etherial vibrations in one plane, is only equal to the 
atmospheric diminution of the coefficient of vibrations in the transverse plane, all traces 
of polarization disappear. Beyond those angles, of course, the complementary rings 
due to the polarization of the atmosphere or blue sky are seen. 

The practical method of observing was therefore, starting from a mean angular 
position of the eyepiece, giving great intensity of glass-plate polarization, slowly to 
decrease the angle between incidence and reflexion, until the vanishing point of the 
rings, or the passage of the one set into the other, was just arrived at : the readings 
being then noted, the angle was again opened out, past the maximum of glass-plate 
polarization, until the vanishing point on the other side was arrived at, and duly read 
off on the graduated arcs ; when half the angular distance between the two vanishing 
points was set down as " inverse intensity of sky polarization." 

It is here supposed that the instrument was previously adjusted, by turning the tube 
round its axis, so that the plane of reflexion was perpendicular to the plane of sky 
polarization, which was ordinarily assumed to pass through the sun ; but the instrument 
itself is competent to point out whether this adjustment be made, since otherwise the 
rings do not wholly vanish at any incidence. 

When the tube was pointed to within 20° of the sun, or its opposite point, the sky 
polarization was so weak, that the rings due to the polarization of the glass plates were 
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never lost sight of through the whole extent of angular motion possible to the eyepiece 
and its carrying bar, about 130°; and the results therefore, for that region, must be 
negative. But for greater solar distances, reckoning from the equator of a sphere 
having the sun in one of its poles, or in terms of " sky declination," we have the follow- 
ing results at the three stations noted. 

Polarimeter. 



Guajara. 



Date. 



1856. 
Aug. 14. 



No. 
of 
obs. 



Sky 
decl. 



Inverse in- 
tensity of 
sky polariz* 



52-1 
41-0 
42-0 
41-5 



Exceptional day, abnormal local 
cloud suspended over station. 



Aug. 16. 



10 


3*8 


10 


10*1 


10 


13-3 


10 


18-1 


10 


26-1 


10 


33-8 


10 


40-5 


10 


46-7 


5 


56-8 



28*4 
25*6 
27*7 
32*2 
36*2 
43*0 
49*7 
54-2 
63-9 



Alta Vista. 



Date. 



1856. 
Aug. 23 

to 
Sept. 11. 



No. 
of 
obs. 



10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



Sky 
decl. 



1*2 
3-7 
5-7 
7-7 
10-2 
13-8 
16-0 
19*9 
23-5 
26-2 
28-5 
32-8 
36-3 
40-1 
45-0 
49-5 
53-8 
59-6 



Inverse in- 
tensity of 
sky polariz , 



23-6 
24-6 
26*4 
25-6 
26-8 
28-0 
27*6 
30-7 
32*2 
33*3 
35*7 
40*6 
43*0 
46*0 
50*2 
56*4 
59*1 
63*2 



Edinburgh. 



Date. 



1857. 
Oct. 30. 



Nov. 19. 



No. 
of 
obs. 



U 



Sky 
decl. 



0*0 

5*0 

12*5 

22*5 



33*4 
34*8 
37-2 
38*9 

37'8 

Sky clear from clouds, air calm, 
but filled with smoke. 



0*0 

5*0 

100 

15*0 

25*0 



Inverse in- 
tensity of 
sky polariz . 



20*8 
20*2 
22*9 
28*0 



Nov. 20. 



Nov. 24. 





5 

9 

15 





5 

10 

15 



21*1 
21*8 
22*3 
23*2 



21*2 
21*5 

22*2 
23*1 



Before comparing the above observations, we must reject the Guajara series of 
August 14, as vitiated by an unusual local cloud; and the Edinburgh series of Novem- 
ber 19, on account of the evidently prejudicial effect of smoke nearly uniformly diffused 
in all the upper air. To test this point still further, the following series for intensity in 
the sky equator was taken, everything remaining the same but the altitude of the prin- 
cipal tube ; and when this was directed at 10° to the strongly smoky band on the hori- 
zon, there was evidently a sudden decrease of the intensity of the polarization, shown 
as before by an increase of the instrumental numbers : — 

o ^ o 

Altitude 45, inverse intensity of sky polarization =31*7 

Altitude 20, inverse intensity of sky polarization =32*3 

Altitude 15, inverse intensity of sky polarization =32*9 

Altitude 10, inverse intensity of sky polarization =41-0 

Comparing then the three normal Edinburgh days with the mean of the whole Alta 

Vista period, the polarization would appear to be rather stronger below than above, but 

at either station to follow the law of maximum intensity at or near 90°. 
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The next step is a more delicate one, namely, to compare the intensity in declinations 
towards, and from, the sun. For this purpose, of the three normal Edinburgh days, 
October 30 may be taken by itself, and the two shorter series on November 20 and 24 
may be taken together ; we then have two series, both indicating the maximum of polari- 
zation in about 98° of sun polar distance, thus — 



October 30. 


November 20 and 24. 


Sun. 
Polar dist. 


No. of 
observations. 


Inverse inten- 
sity of sky 
polarization. 


Sun. 
Polar dist. 


No. of 
observations. 


Inverse inten- 
sity of sky 
polarization. 


o 

75 

80 

85 


1 
1 

1 


26-0 
24-5 
20-5 




80 

85 


3 
3 


23-5 
21-6 


90 


2 


20-5 


90 


6 


21-1 


95 
100 
105 
110 
115 


3 
1 
1 
1 
1 


19*8 
20-5 
20-5 
25-0 
26*0 


95 
100 
105 


3 
3 
3 


21-7 

21-7 
28-1 



At Alta Vista the observations of September 10 appear most suitable for this purpose, 
and give a maximum intensity about 82° distance from the sun, thus — 



Sun. 


No. of 


Inverse inten- 


Polar dist. 


observations. 


sity of sky 
polarization. 


64-0 


26 


30-1 


70-0 


27 


26-1 


80-5 


27 


26-2 


85-0 


21 


25-1 


91-7 


25 


28-8 


100-8 


25 


29-6 



A series was also taken at Alta Vista on September 10 and 11, to try the intensity 
in different planes, the normal plane employed, designated on the instrument by 90°, 
being when the eye-piece moved in a plane at right angles to the sun-shade plane. 



Plane 


No. of 


Inverse inten- 


employed. 


observations. 


sity of sky 
polarization. 


-82*5 


18 


28-5 


-85-0 


18 


27*3 


-87-5 


18 


26-3 


90-0 


17 


26-7 


+ 87*5 


19 


26-8 


+ 85-0 


19 


27*1 


+ 82-5 


18 


28-4 



These observations maybe taken as establishing 90° as the true plane; nine observations 
in Edinburgh on October 30, gave no effect from + 80° to — 80° at all equal to the 
error of observation, which appeared to increase with the distance from 90°. 

The plane was also attempted to be ascertained from the estimated amount of rotation 
mdccclviii. 3 Y 
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observed in the passage of the black into the white cross, both at Alta Vista and at 
Edinburgh. 



Alta Vista. 


Edinburgh. 




No. of ob- 


Amount of 




No. of ob- 


Amount of 




servations. 


rotation. 




servations. 


rotation. 


o 




o ! 








-82-5 


18 


4*3 


-80 


1 


4 


-85*0 


18 


2*0 


-85 


1 


1 


-87-5 


18 


0*5 


-87 


1 


1 


90 


17 


0*6 


90 


1 





+ 87-5 


19 


1-9 


+ 87 


1 


2 ! 


+ 85-0 


19 


3*9 


4-85 


1 


3 1 


+ 82-5 


17 


6-1 


+ 83 


1 


3 ' 








+ 80 


1 


5 



The point of least rotation would seem at either place to be from 1° to 3° on the — side 
of 90°, or to indicate that the true plane passes through the part of the blue sky under 
examination, — the observer's eye, — and, for the third point, a spot a little above the sun; 
an indication of the neutral points of Arago, Babinet, and Brewster. 



CHAPTER V. 

METEOEOLOGMCAL OESEEVATIONS. 

Appended to the Meteorological Observations and their reductions in vols. 2, 3, 4 
and 5, there are such full accounts of the instruments, observers, and methods of reduc- 
tion, that nothing remains to be done here but to collect the results for the three 
stations ; the first of which, for the sea-level, is the Titania yacht, in Santa Cruz roads ; 
the second, at 8903 feet of elevation, is Guajara; and the third, at 10,702 feet of eleva- 
tion, is Alta Vista. 

(1.) Hourly Variations. 

From the means of three days of hourly observations in the ' Titania/ two days at 
Guajara, and two at Alta Vista, the following Table has been prepared, showing the 
corrections to reduce the barometer, thermometer, and depression of the dew-point, 
observed at any one hour, to the mean for the whole twenty-four hours. 

By reason of the very short period that these observations extend over, the results are 
rough, with those accidental variations which the employment of a greater number of 
days would have tended to clear away, and which might have been somewhat smoothed 
down, quite legitimately, in making out a general table ; but I thought it better, on the 
whole, to give the actual numbers resulting from the arithmetical operations, as being 
more adapted to serve all the purposes suggested for the Expedition. 

The readings of the barometer, it may be here remarked once for all, have in every 
case been reduced to 32°, and to the Greenwich standard ; and the depressions of dew- 
point and elasticities of vapour have been calculated by Dr. Apjohn's formula for 
observations of wet- and dry-bulb thermometers, whose index errors have been care- 
fully applied in every case. 
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Table I. 



Hour. 


Sea-level. 


Guajara. 


Alta Vista. 




Dry-bulb 


Depression 




Dry-bulb 


Depression 




Dry-bulb 


Depression 




Barometer. 


thermo- 


of dew- 


Barometer. 


thermo- 


of dew- 


Barometer. 


thermo- 


of dew- 






meter. 


point. 




meter. 


point. 




meter. 


point. 


h 


inch. 






inch. 






inch. 






6 A.M. 


-•006 


+ 2-1 


+ 1-4 


-•007 


+ 3-7 


-1-4 


+ •030 


+ 4-0 


+ 1-0 


7 A.M. 


-•Oil 


+ 1-1 


+ 1-1 


-•008 


+ 2-4 


+ 0-6 


+ •004 


+ 1-0 


+ 0-9 


8 A.M. 


— •012 


— 0-2 


-0-3 


-•020 


-0-4 


-3-0 


-•014 


-2-4 


- 2-6 


9 A.M. 


-•026 


-0-7 


+ 0-1 


-•036 


-2-6 


-3-4 


-•019 


-4-1 


- 0-9 


10 A.M. 


-•029 


-0-6 


+ 0-6 


-•042 


-5-0 


-8-4 


-•030 


-6-8 


— 4*2 


11 A.M. 


—•024 


-1-2 


+ 0-2 


-•040 


-7-2 


-9-9 


-•026 


-7*2 


- 4-2 


P.M. 


-•008 


-2-3 


-1-1 


-•036 


-7-5 


-5-6 


-•019 


-7-0 


- 4-4 


1 P.M. 


•000 


—2-7 


-1-6 


—•027 


-8-2 


-7-6 


-•016 


-7-5 


- 9-2 


2 P.M. 


+ •008 


— 3-3 


-3-5 


-•024 


-8-8 


-5-9 


-•006 


-8-4 


-10-2 


3 P.M. 


+ •015 


-3-3 


-3-5 


-•012 


-8-0 


-7*2 


+ •008 


-7-3 


- 9-2 


4 P.Mc 


+ •030 


-2-7 


-4-0 


-•006 


-6-9 


-3-9 


+ •013 


-5-1 


- 6-5 


5 P.M. 


+ ♦021 


-2-3 


-2-9 


+ •002 


-4-0 


-3-2 


+•017 


-0-6 


- 3-7 


6 P.M. 


+ •013 


-1-9 


— 2-2 


+ •002 


-1-2 


0-0 


+ •010 


+ 1-8 


— 2-0 


7 P.M. 


+ •001 


-0-4 


-1-0 


-•003 


+ 0-7 


+ 2-4 


+ •005 


+ 2-7 


+ 0-4 


8 P.M. 


-•011 


+ 0-7 


+ 1-0 


-•010 


+ 1<0 


-0-6 


•000 


+ 3-0 


+ 2-2 


9 p.m. 


+ •021 


+ 0-7 


+ 1-0 


-•014 


+ 3-4 


+ 1-6 


-•012 


+ 3-8 


+ 4-8 


10 P.M. 


-•029 


+ 1-2 


+ 1-8 


-•008 


+ 3-8 


+ 3-2 


-•016 


+ 3-8 


+ 5-7 


11 P.M. 


-•019 


+ 1-4 


+ 0-9 


-•004 


+ 5-2 


+ 5-4 


-•014 


+ 3-8 


+ 7-6 


A.M. 


-•004 


+ 1-5 


+ 1-2 


+ •012 


+ 5-2 


+ 4-5 


— •013 


+ 4-3 


+ 5-8 


1 A.M. 


+ •010 


+ 2-0 


+ W 


+ •027 


+ 5-7 


+ 6-5 


-•004 


+ 4-9 


+ 8-7 


2 A.M. 


+ •019 


+ 2-3 


+ 2-3 


+ •039 


+ 6-1 


+ 7-9 


+ •013 


+ 4-4 


+ 7-4 


3 A.M. 


+ •025 


+ 2-4 


+ 2-7 


+ •055 


+ 7-1 


+ 9-1 


+ •024 


+ 5-4 


+ 7-4 


4 A.M. 


+ •025 


+ 2-8 


+ 2-6 


+ •057 


+ 7-5 


+ 9-1 


+ ♦030 


+ 6-2 


+ 3-6 


5 A.M. 


+ •029 


+ 3-1 


+ 2-3 


+ •058 


+ 7-7 


+ 9-8 


+ •042 


+ 6-1 


+ 3-0 



Table II. 
Comparison of Hourly Variations at the three Stations. 





Sea-level. 


Guajara. 


Alta Vista. 


Time. 


Deviation 
from mean 
of twenty- 
four hours. 


Time. 


Deviation 
from mean 

of twenty- 
four hours. 


Time. 


Deviation 
from mean 

of twenty- 
four hours. 


Barometer pressure, maximum a.m 


10 a.m. 

4 p.m. 

10 P.M. 

5 A.M. 


in. 
•029 
•030 
•029 
'029 


10 a.m. 
5 30 p.m. 
9 p.m. 
5 a.m. 


in. 
•042 
•002 
•014 
•058 


10 A.M. 

5 P.M. 
10 P.M. 

5 A.M. 


in. 
•030 
•017 
•016 
•042 


Barometer pressure, minimum p.m 

Barometer pressure, maximum p.m...,, 


Barometer pressure, minimum a.m 


Daily range 




•059 




•100 




•072 






Temperature, maximum 


2 P.M. 
5 A.M. 


3-3 
3-1 


2 p.m. 

5 A.M. 


o 

8-8 

7-7 


2 P.M. 

4 A.M. 


o 

8-4 
6-2 


Temperature, minimum 


Daily range 




6-4 




16-5 




14-6 


v & 




Depression of dew-point, maximum 


4 P.M. 
3 A.M. 


o 

4-0 

2-7 


11 a.m. 
5 a.m. 


9-9 

9-8 


2 P.M. 
1 A.M. 


10-2 

8-7 


Depression of dew-point, minimum 


Daily range 




6-7 




19-7 




18-9 







3t2 
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The chief purpose of the above Tables is to serve in the reduction of isolated observa- 
tions to the daily mean : we may however at once draw some interesting conclusions 
with reference to low and high stations. Thus at the level of the sea there are two 
regular and equal tides in the barometer, but on the mountain there is a tendency to 
lose the afternoon minimum and evening maximum, and to show in the twenty-four 
hours only one unequally-sided wave, having its minimum at 5 a.m., and its maximum 
at 10 a.m. 

On the mountain the daily range of the barometer is rather larger than at the sea- 
level; and, as with the wave feature already adverted to, is greater at 8903 feet, than at 
10,702 feet. Similarly, with the daily range of the temperature and the dew-point, they 
are nearly three times greater on the mountain than below, but are rather greater 
always at Guajara than at Alta Vista. 

In the epochs and characteristics of the elevated barometric maxima and minima, there 
will be immediately perceived a resemblance to the effects of applying the usual cor- 
rection for " elasticity of vapour," to deduce the pressure of dry atmosphere at a lower 
station*; and on introducing the same correction (viz. the elasticity of vapour due to the 
temperature of the dew-point), the above quantities become, for the 

inch. inch. inch. inch. 

Sea-level . . + -008 — -004 +'008 --013 
Guajara . . +'060 — -009 + -023 --072 
AltaVista. . +012 + -004 + -004 --021 

Further illustrations of the effects of height in the hourly variations are given in 
Plate XXXVI., where the hourly readings of the instruments on a corresponding day 
above and below are graphically represented. 

(2.) Daily Means. 

Towards procuring the daily means of barometer, thermometer, and dew-point, there 
were never less than four observations each day on board the yacht, and seldom less 
than three on the mountain ; these being corrected by the foregoing Tables of hourly 
variations, and meaned, are exhibited in the following Tables, and part of them in 
Plate XXXVII. 

* See Mr. J. Johnson's « Oxford Observations " for 1856. 
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Table I. 
Daily Means of Observations of Meteorological Journal at Sea-Level. 







Barometer, 


Dry-bulb, 
corrected 


Depression 
of 


Tempera- 




Barometer, 


Dry-bulb, 
corrected 


Depression 
of 


Tempera- 




Date. 


corrected 


daily 
mean. 


dew-point, 


ture of 


Date. 


corrected 


daily 
mean. 


dew-point, 


ture of 






daily mean. 


corrected 


sea-water. 




daily mean. 


corrected 


sea-water, 










daily mean. 










daily mean. 








inches. 










inches. 








1856 


, July 13. 


30-046 


73-3 


12-0 


69-9 


1856, Aug. 19. 


30-011 


75-0 


10-3 






14. 


29-986 


74-6 


13-2 


69-8 


20. 


30-058 


73*2 


10*4 


72*5 




15. 


30-051 


75-5 


17-4 


70-1 


21. 


30-109 


73*6 


9-4 


72-8 




16. 


30-106 


73-4 


14-8 


70-3 


22. 


30-125 


73*4 


10-8 






17. 


30-069 


71-0 


15-1 


69-9 


23. 


30-038 


72*6 


12-8 






18. 


30-038 


72-4 


13-7 


69-8 


24. 


30-008 


72*8 


13-4 






19. 


30-045 


73-5 


7-6 


70-7 


25. 


30-015 


74-3 


10-8 


73-0 




20. 


30-035 


74-1 


7-2 


71-8 


26. 


29-985 


75-2 


15-9 






21. 


30-003 


72-6 


7-0 


70-9 


27. 


29-925 


77-8 


19-6 






22. 


30-001 


72-0 


10-0 


71-8 


28. 


29-965 


76-1 


12-0 






23. 


30-055 


72-1 


13-2 


70-5 


29. 


30-019 


73-6 


6-0 


74-0 




24. 


30-117 


72-0 


12-3 


7i-o 


30. 


30-015 


75-2 


6-5 


75-0 




25. 


30-153 


71-7 


12-0 


70-8 


31. 


29-993 


74-1 


7-0 


74-8 




26. 


30-133 


72-5 


13-4 


7i-o 


Sept. 1. 


29-921 


74-0 


9-4 






27. 


30-046 


74-5 


16-5 


71-5 


2. 


30-035 


74-8 


10*8 






28. 


29-963 


75-4 


16-4 


72-5 


3. 


30*080 


73-6 


8-8 


73-8 




29. 


29-951 


72-9 


8-2 


72*0 


4. 


30*093 


74-3 


12*4 


73*5 




30. 


30-006 


73-0 


8-0 


70-5 


5. 


30-090 


74-0 


13*0 


73-8 




31. 


30-044 


73-1 


8-6 


72-0 


6. 


30*123 


74-8 


11-4 






Aug. 1. 


30*031 


71-3 


7-1 


71*8 


7. 


30-201 


73*7 


8*8 






2. 


30-003 


72-0 


8-1 


72-0 


8. 


30-145 


73-1 


12-1 


74-0 




3. 


30-035 


72-6 


13-6 


72-0 


9. 


30-081 


73-1 


12-5 






4. 


30-106 


74-2 


12-2 




10. 


30-105 


73-3 


10-6 






5. 


30-125 


72-8 


11-4 




11. 


30-057 


74-4 


13-3 






6. 


30-145 


73-2 


13-5 


71-8 


12. 


29-991 


73-6 


10-1 






7. 


30-141 


72-7 


11-1 




13. 


30*008 


73-6 


8-6 


75-0 




8. 


30-080 


72-6 


13-4 




14. 


30*083 


73-4 


9-6 






9. 


30-040 


72-5 


13*7 




15. 


30*119 


78-4 


12-5 






10. 


30-044 


72-2 


11-4 


72-0 


16. 


30*138 


78-8 


17-3 


74-2 




11. 


30-041 


75-5 


12-8 


72-2 


17. 


30-034 


78-3 


17-0 






12. 


30-019 


74-6 


12*2 




18. 


30-024 


77-2 


13*1 






13. 


30-029 


73-3 


10-6 




19. 


30-109 


75-6 


7-3 






14. 


30-021 


74-8 


12-0 




20. 


30-110 


77-0 


12*4 


75*0 




15. 


30*001 


74-5 


7-6 




21. 


30-076 


74-8 


9-2 






16. 


30-017 


74-1 


9-6 




22. 


30-115 


73-7 


9-0 






17. 


30-020 


74-8 


15-2 




23. 


30-163 


74-7 


12*7 


74*6 




18. 


30-024 


73-9 


9-8 
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Table II. 
Daily Means of Observations of Mountain Meteorological Journal at Guajara Station. 





Barometer, 


Dry-bulb, 


Depression 




Barometer, 


Dry-bulb, 


Depression 
of 




corrected 


corrected 


of 




corrected 


corrected 


Date. 


daily 
mean. 


daily 
mean. 


dew-point, 

corrected 

daily mean. 


Date 


daily 
mean. 


daily 
mean. 


aew-pomt, 

corrected 

daily mean. 


1856. 


in. 






1856. 


in. 






July 16. 


21-930 


61-8 


31-2 


Aug. 2. 


21-919 


58-2 


28-7 


17. 


21-780 


60-0 


51*2 


3. 


21-865 


55-9 


29*8 


18. 


21-880 






4. 


21-884 


55-5 


16-3 


19. 


21-970 


65-1 


22-1 


5. 


21-914 


56-8 


32-1 


20. 


22-000 


64-6 


29-9 


6. 


21-979 


56-4 


25-6 


21. 


21-996 


62-7 


33-6 


7. 


21-972 


58-4 


31-3 


22. 


21-881 


60-4 


32-8 


8. 


21-921 


59-3 


47-4 


23. 


21-837 


56-7 


36-9 


9. 


21-867 


57-1 


44-4 


24. 


21-888 


59-6 


36-3 


10. 


21-898 


57-0 


44-4 


25. 


21-921 


59-5 


38-3 


11. 


21-928 


59-9 


40-4 


26. 


21-950 


62-7 


46-3 


12. 


21-956 


65-0 


30-1 


27. 


21-922 


64-8 


39-0 


13. 


21-984 


63-7 


29-3 


28. 


21-883 


65-2 


41-4 


14. 


22-011 


62-3 


25-0 


29. 


21-919 


65-1 


47-1 


15. 


22-004 


60-2 


29-2 


30. 


22-005 


65-1 


44-0 


16. 


21993 


62-4 


31-5 


Aug. 1. 


21-959 


58-9 


34-3 


17. 


21-937 


63-5 


41-7 



Table III. 
Daily Means of Observations of Mountain Meteorological Journal at Alta Vista. 





Barometer, 


Dry-bulb, 


Depression 
of 




Barometer, 


Dry-bulb, 


(Depression 
of 




corrected 


corrected 




corrected 


corrected 


Date. 


daily 
mean. 


daily 
mean. 


dew-point, 

corrected 

daily mean. 


Date. 


daily 
mean. 


daily 
mean. 


dew-point, 

corrected 

daily mean. 


1856. 


in. 






1856. 


in. 






Aug. 21. 


20-589 


54-7 


26-8 


Sept. 8. 


20-576 


48-6 


13-0 


22. 


20-613 


56-7 


22-1 


9. 


20-558 


50*8 


38-2 


23. 


20-564 


58-5 


30-9 


10. 


20-568 






24. 


20-522 


55-8 


22*8 


11. 


20-493 


48-1 


34-2 


Sept. 1. 


20-372 


44-8 


35-3 


12. 


20-374 


43-5 


40-1 


2. 


20-452 


45-3 


26-1 


13. 


20-385 


44*4 


36-2 


3. 


20-468 


46-1 


24-5 


14. 


20-467 


40-9 


21-4 


4. 


20-485 


49-7 


29-2 


15. 


20*572 


38-8 


0-0 


5. 


20-508 


51-8 


27-4 


16. 


20-599 


41*9 


2-9 


6. 


20-553 


50-9 


16-9 


17. 


20-583 


44*2 


10-4 



Variation of Daily Means. 

Comparing all these determinations together for results, and beginning with the baro- 
meter, we find the variations at the sea-level to be somewhat greater than those on the 
mountain, and singularly inconsistent with them, except on one or two occasions, as the 
September storm at Alta Vista. 

On the other hand, the variations of the thermometer are much greater on the moun- 
tain than at the sea-level, having amounted on Guajara to 9°-7 against 4°'5 at the sea- 
level, and on Alta Vista to 19°- 7 against 6°*2 at the lower level for the same period. 
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The dew-point exhibits greater variations still, amounting on Guajara to 34 0, 9 against 
9°*4 at the sea-level, and on Alta Vista to 40 o, l against 13°-6 at the lower level for the 
same period. 

These variations of daily means exhibit inexplicable discordances, in no small'measure 
on account of so small a portion of their cycle, viz. the year, being included in the 
observations ; and before coming to the consideration of the absolute quantities for each 
day, it may be well to consider the monthly variations. 



(3.) Monthly Means. 

On taking the arithmetical means, the results indicated by the curves were powerfully 
confirmed, viz. that on the mountain, the maxima of temperature and dryness are earlier 
than below; summer, in fact, at a great height, is there nearly coincident with the 
solstice. Thus while at the sea-level the temperature went on increasing throughout 
July, August, and September, it was sensibly decreasing at Guajara in July and August ; 
and at Alta Vista, in August and September, it was very rapidly falling. On going 
below the sea-level, or to the sea-water itself, the law was carried on further still, the 
numbers being as follows : — 



Date. 


Sea-level. 


Sea- 
water, 
tempe- 
rature 
of. 


Guajara. 


Alta Vista. 


Barometer. 


Tempe- 
rature. 


Depression 

of 
dew-point. 


Barometer. 


Tempe- 
rature. 


Depression 

of 
dew-point. 


Barometer. 


Tempe- 
rature. 


Depression 

of 
dew-point. 


1856,July 

August ... 
September 


inches. 
30-045 
30-036 
30-083 


73-1 

73-8 
74-9 


o 

11-4 
11*3 
11-4 


70-9 

72-8 

74-2 


inches. 

21-918 

21-941 


62-4 
59-6 


37-9 
33-0 


inches. 

20-572 
20-500 


o 

56-4 
46-0 


25-6 
23-7 



These means represent the whole of the observations made in each month at the 
several stations ; at the sea-level they include nearly the whole of each month, but on 
the mountain only about half a month each ; this circumstance, however, will not touch 
the great fact now brought to light, of the mean temperature arriving at its maximum 
earlier at 10,702 feet than at 8903, and at 8903 earlier than below it. 

Over and above this effect, the temperature appears to follow the law of decrease with 
altitude, but in an accelerating ratio so far as these three stations would indicate, which 
will be considered in the department of the "peripatetic" observations; and I would 
now rather advert to the most remarkable feature of all in the mountain climate, viz. 
the excessive dryness, amounting at Guajara, in the contrary terms of humidity (satura- 
tion=100), to 26, and at Alta Vista to 38, as the mean for two months, against 66 at 
the sea-level ; or, in terms of grains of moisture in a cubic foot of air equally compressed 
in each case, to 1*5, 1*6, and 6*2. 

Extreme Readings. 
At the sea-level the highest maximum temperature daily mean was 78°*8 on Sep- 
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tember 16, and the lowest 71°-0 on July 17. At Guajara 65°-2 on July 28, and 55°-5 
on August 4. At Alta Vista 58°-5 on August 23, and 38°-8 on September 15. Again, 
the greatest maximum mean daily depression of the dew-point at the sea-level was 19 0, 6 
on August 27, and the minimum 6 o, on August 29. At Guajara 51°*2 on July 17, 
and 16°-3 on August 4. At Alta Vista 40°*1 on September 12, and 0°*0 on September 
15. To this we may add as examples of atmospheric dryness, that among the isolated 
observations on Guajara, the amount of depression of the dew-point was 58 0, 5 on July 17, 
the temperature being 51°-5 ; which gives only 0*4 grain of water in a cubic foot of air, 
and a humidity of no more than 10, while at the sea-level for the same instant it was 62. 

(4.) Winds. 

In the journals, at the sea-level and on the mountain, the velocity of the wind was 
entered in miles per hour by estimation. Guajara station, being quite on the top of the 
mountain there, and undominated by any neighbouring points, was favourable for 
getting the true direction of the wind. Alta Vista, on the contrary, being on the 
eastern slope of the Peak, was faulty as a site ; and generally, by day, in normal weather, 
there was an east wind blowing up from the plain, and by night a west wind blowing 
down from the Peak. 

Taking means rudely of the directions and strength of the wind as observed at each 
place, an approximate mean velocity and direction of the wind on each day has been 
obtained, and has been entered in Plate XXXVII. for the period to which it refers. 

From these quantities, taking the mean of all the days of corresponding observations, 
we find that during thirty-four days at the sea-level, the mean velocity of the wind was 
4*5 miles per hour, while on Guajara it was only 2*3 miles for the same time. On Alta 
Vista, again, the mean velocity during twenty-three days was 3*3 miles per hour, while 
it was 5*8 miles at the sea-level for the same period. 

Between Guajara and the sea there is little change in the general direction of the 
wind, northerly being in both places to southerly as 2 to 1. On the Alta Vista, on the 
other hand, northerly directions were to southerly only as 1 to 10, the old proportion at 
the sea-level still remaining. Moreover, while at the sea-level about one-twentieth part of 
the whole wind was from the east, and none from the west, there was, with the same 
amount of east wind at Alta Vista, one-eighth of the whole from the west. 

(5.) Height of Stations. 

The great length of time during which simultaneous meteorological observations were 
kept up at either mountain station and on board the yacht, have afforded a good insight 
into the uncertainties still existing in the best barometrical formulae for the determina- 
tion of heights. The varying results from the means of successive days were very 
difficult to interpret ; but when the hourly variations were tried, and found to exhibit a 
fluctuation through upwards of 170 feet at Guajara, and 280 feet at Alta Vista, the 
temperature of the upper station was clearly shown to be the agent at fault ; and this 
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conclusion we have since ascertained to be remarkably borne out by the "peripatetic" 
observations on September the 8th. For, ascending the Peak on that day, and passing 
through a locality where there was a visible escape of volcanic steam, and a sensible 
increase of the temperature of the air, our observations show that a barometrical hump 
was thereby produced on the side of the mountain to the extent of 368 feet. 

The formula employed was that of La Place, as adapted to practice by Feancis Baily 
in his Astronomical Tables. 

Hourly Variation of Heights. 

The following two Tables will show the manner of variation of the computed heights 
with change of the several meteorological conditions, one of the tables being also 
exhibited graphically in Plate XXXVI. 









< 


Gruajara 


Station. 










Date. 


Hour. 


Corrected 
barometer, 


Thermo- 


Depression 
of 


Barometer, 
corrected 


Thermo- 


Depression 
of 


Altitude 
above 


Radiation 
at 






at sea-level. 


meter. 


dew-point. 


on 
mountain. 


meter. 


dew-point. 


sea-level. 


Guajara. 


1856. 




in. 






in. 


o 


o 


feet. 


o 


Aug 1. 


4 A.M. 


30-031 


67-8 
















6 A.M. 


30-052 


69-7 


6-3 


21-955 


57-5 


37*3 


8814-6 






7 A.M. 


30-046 


70-0 


5-6 


21-952 


58-6 


36-8 


8830-0 


4- 52-4 




8 A.M. 


30-043 


71-8 


7-8 


21-975 


60-0 


39-2 


8826-2 


+ 66-7 




9 A.M. 


30-055 


72-6 


8-7 


21-992 


61-9 


39-9 


8840-8 


+ 77-4 




10 A.M. 


30-061 


71-5 


7-3 


22-000 


64-0 


38-6 


8844-5 


+ 82-8 




11 A.M. 


30-053 


71-7 


7-9 


21-998 


66-3 


41-5 


8863-0 


'+ 82-7 




P.M. 


30-044 


74-0 


10-2 


21*995 


66-7 


40-4 


8883-0 


+ 101-6 




1 P.M. 


30-032 


75-8 


12-0 


21-975 


66-4 


42-2 


8910-7 


•f 85-8 




2 P.M. 


30-023 


75*1 


10-4 


21-978 


66-5 


41-5 


8892-7 


4- 82-3 




3 P.M. 


30-019 


73-8 


9*2 


21-966 


66-7 


41-3 


8894-9 


+ 74-9 




4 P.M. 


29-995 


73-8 


9-2 


21-96.0 


65-5 


40-5 


8869-0 


+ 73-0 




5 P.M. 


29*991 


74-3 


• 10-0 


21-946 


62-4 


38-8 


8860-8 


+ 62-4 




6 P.M. 


29-996 


74-8 


10-0 


21-958 


60-5 


35-7 


8835-9 


+ 62-0 




7 p.m. 


30-003 


72-6 


8-2 


21-961 


58-4 


35-4 


8799-4 


+ 2-5 




8 P.M. 


30-015 


71-0 


5-7 


21*968 


57*3 


36-9 


8777-5 


— 4-5 




9 p.m. 


30-024 


70-8 


5-4 


21*972 


55*5 


35-4 


8762-6 


- 4-2 




10 P.M. 


30-031 


70-3 


4-6 


21-966 


55-9 


32-1 


8775-7 


- 4*1 




11 P.M. 


30-027 


70-0 


4-9. 


21-968 


55-3 


27-4 


8761-0 


- 4-3 




A.M. 


30-018 


, 69-8 


4-6 


21-956 


54-3 


27-9 


8757-5 


- 4-1 




1 A.M. 


29'999 


69-0 


5-0 


21-935 


53-8 


26-6 


8753-1 


- 3-8 




2 A.M. 


29-994 


68-3 


4-0 


21-931* 


53-9 


26-1 


8748-9 


— 4-4 




3 A.M. 


29-983 


68-3 


4-0 


21-923 


53-3 


24-8 


8744-2 


- 3-9 




4 A.M. 


29*986 


67*8 


3-9 


21-919 


52-6 


23-0 


8741-0 


- 3*0 




5 A.M. 


29-985 


67-8 


4-9 


21-918 


52-7 


22-3 


8742-0 


— 2-4 


j 6 A.M. 


30-008 


68-3 


4-9 


21-918 


53-5 
Mean 


23-6 


8757-3 


+ 26-8 


8843-45 
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Alta Vista. 









At sea-level. 




On mountain 




> 


















Altitnrip 


Date. 


Hour. 


Barometer, 
corrected. 


Thermo- 
meter. 


Depression 

of 
dew-point. 


Barometer, 
corrected. 


Thermo- 
meter. 


Depression 

of 
dew-point. 


above 
sea-level. 


1856. 




in. 






in. 






feet. 


Aug. 21. 


4 A.M. 


30-054 


71-8 














6 A.M. 


30*095 


71*8 


7-8 


20*541 


,48-7 


18-5 


10653*9 




7 A.M. 


30-103 


73-3 


9-3 






21-0 






8 A.M. 


30-108 


73-8 


10-0 


20*577 


54*4 


24-2 


10702-7 




9 A.M. 


30*132 


74-4 


9*8 


20-594 


58-9 


31-4 


10758-5 




1 A.M. 


30-134 


75-6 


10*4 


20*590 


62*6 


36*8 


10820-4 




11 A.M. 


30-132 


77*1 


11*1 


20*592 


66*0 


37*2 


10869*1 




P.M. 


30-109 


77-1 


11*1 


20*589 


65*2 


41-0 


10843*6 




1 P.M. 


30-099 


76-3 


10*1 


20*587 


65*5 


39*1 


10831*6 




2 P.M. 


30-101 


76*0 


11*3 


20-588 


63-4 


36*4 


10805*2 




3 P.M. 


30-092 


74-8 


10*0 


20*591 


61-4 


34-6 


10757-0 




4 P.M. 


30-089 


75-8 


13-2 


20-602 


58-4 


29-6 


10717-2 




5 P.M. 


30-114 


74-6 


10-8 


20-607 


56-3 


26-5 


10697*5 




6 P.M. 


30-125 


74*3 


10*3 


20-610 


54-7 


23-1 


10682-5 




7 P.M. 


30-139 


73-8 


11-0 


20-613 


53-3 


21-7 


10670-7 




8 P.M. 


30*155 


73-6 


9*8 


20-621 


52-3 


22*4 


10661-4 




9 p.m. 


30-167 


73-8 


9-9 


20-619 


51-2 


19-8 


10665-0 




10 P.M. 


30-173 


73-8 


9-6 


20-618 


51-8 


18*8 


10678-8 1 




11 P.M. 


30-158 


73-6 


10-6 


20-614 


48-8 


19-1 


10634-6 




A.M. 






9*9 












1 A.M. 


30-130 


73-0 


8*8 


20*595 


48-4 


19*2 


10623*6 




2 A.M. 


















3 A.M. 


















4 A.M. 


30-104 


72*1 


8*2 


20-591 


49-1 


21*1 


10602*1 




5 A.M, 


30-105 


71-6 


8*5 


20*595 


48*6 


19*2 


10587*2 




6 A.M. 


30-125 


71-8 


8*8 


20-598 


49*3 
Mean..... 


19*1 


10586-0 






10707*08 



Daily Variations of Heights. 
From the daily means already given for each of the three stations, the computed 
height of Guajara varies thus : — 



Date. 


Feet. 


Date. 


Feet. 


Date. 


Feet. 


Date. 


Feet. 


July 21. 


8793-3 


July 28. 


8950-4 


Aug. 5. 


8961*7 


Aug. 12. 


8899*8 


22. 


8913-6 


29. 


8868*3 


6. 


8897*0 


13. 


8848-8 


23. 


8988-0 


30. 


8810-3 


7* 


8916*0 


14. 


8807*9 


24. 


9005-6 


Aug. 1. 


8821*3 


8. 


8931*8 


15. 


8776*3 


25. 


8993-6 


2. 


8845*9 


9. 


8942*4 


16. 


8822*1 


26. 


8974-5 


3. 


8930*0 


10. 


8902*9 


17. 


8,913*0 


27. 


8966-5 


4. 


8982*6 


11. 


8917*7 







and that of Alta Vista as follows : — 



Date. 


Feet. 


Date. 


Feet. 


Date. 


Feet. 


Date. 


Feet. 


Aug. 21. 


10,688 


Sept. 2. 


10,715 


Sept. 8. 


10,666 


Sept. 14. 


10,674 


22. 


10,691 


3. 


10,731 


9. 


10,656 


15. 


10,597 


23. 


10,687 


4. 


10,768 


11. 


10,708 


16. 


10,617 


24. 


10,689 


5. 


10,754 


12. 


10,747 


17. 


10,562 


Sept. 1. 


10,704 


6. 


10,720 


13. 


10,758 
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For the height of Guajara, the mean of its series, or 8903 feet, may be adopted. 

For the height of Alta Vista, the mean of the whole series is 10,691 feet; but seeing 
that decidedly exceptional weather began on September 14, and that the mean of the 
days from August 21 to September 13 is 10712, the mean of the two determinations 
may probably be the closest approximation to the real height, which therefore comes 
out 10,702 feet. 



(5*.) Difference of Meteorological Elements between the Yacht in Santa Cruz Boads and 

the Town of Orotava. 

The mountain observations having been necessarily compared with the series of Cap- 
tain Coeke on board the 'Titania,' and that vessel lying all the time in Santa Cruz 
Koads, at the eastern end of Teneriffe and on the southern coast, while the Peak is 
rather towards the western end and on the northern coast ; — it became desirable to ascer- 
tain whether any, and what constant differences might occur between that station of 
the yacht, 30 miles N. 60° E. of the Peak, and the town of Orotava, which lies only at 
a distance of 12 miles and in the direction N. 30° E. 

Facilities for this purpose were afforded by Mr. Feafz Keeitz, a skilful German 
watch-maker, formerly of Hamburg, who zealously undertook to observe some of the 
instruments kindly lent by Admiral Fitzeoy on the part of the Board of Trade. 

Having established these instruments under good circumstances of exposure at 
M. Keeitz's, on August 29, I left him with instructions for observing them simul- 
taneously to the ordinary Yacht times of observation ; and on September 24 he furnished 
me with a series of readings of the barometer and dry- and wet-bulb thermometers, 
taken three times a day, or oftener, for the whole of the intervening period. These 
observations having been duly corrected for index errors, and reduced in a manner 
similar to the Yacht observations, are found, on the mean of each day, to give the follow- 
ing series of corrections to reduce the Orotava series to the Santa Cruz: — 



Date. 


Barometer. 


Tempera- 
ture. 


Depression 

of 
dew-point. 


Date. 


Barometer. 


Tempera- 
ture. 


Depression 

of 
dew-point. 


1856. 


inches. 






1856. 


inches. 






August 30. 


+ •055 


-6-i 


-0-7 


September 11. 


+ •063 


+ 0-1 


+ 2-9 


31. 


•134 


+ 0-6 


-02 


12. 


•082 


— 0'8 


~ 0-8 


September 1. 


•064 


— 2-4 


— 0-4 


13. 


•107 


-3-0 


- 3-8 


2. 


•058 


-1-7 


+ 17 


15. 


•043 


+ 2-1 


+ 5-0 


3. 


•061 


-]-9 


+ 0-4 


16. 


•015 


+ 4-0 


+ 9*2 


4. 


•067 


-0-9 


+ 3-8 


17. 


•036 


+ 4-3 


+ 11-8 


5. 


•063 


-0-4 


+ 3-3 


18. 


•062 


+ 2-0 


+ 7-3 


6. 


•047 


-1-6 


+ 1-2 


19. 


•074 


+ 1-2 


+ 2-9 


7. 


•078 


-1-7 


-0-4 


20. 


•090 


+ 2-4 


+ 7-8 


8. 


•076 


— 2-0 


+ 0-4 


21. 


•063 


-0-9 


+ 1-6 


9. 


•051 


-1-6 


+ 1*9 


22. 


•083 


-1-0 


+ 1-2 


10. 


+ • 053 


-0-8 


-0-1 


23. 


+ •099 


+ 1-0 


+ 1-8 



The mean barometrical difference appears to answer very closely to the elevation of 
M. Keeitz's house above the level of the sea, or about 80 feet, the temperature of which 
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appears in average weather to have been 1 0, 1 greater, and the depression of the dew- 
point 1° less than on board the yacht. Exceptional weather occurred from September 
13 to September 20, and appears to have been in connexion with the Alta Vista storm 
of the 14th, though not in exact coincidence. As this was a period during which the 
computed barometric altitudes of the mountain station gave very wild results compared 
with the yacht, we have computed the upper observations again as compared with Oro- 
tava ; but the discordances are even greater, as the enclosed numbers will show, and 
they are evidently in connexion with the same general disturbances of the atmosphere^ 
thereby reflecting credit on, both the lower observers. 





Height of 


Correction 


Height of 


Correction 


Date. 


Alta Vista 
above Orotava. 


to mean. 


Aita Vista 
above yacht. 


to mean. - 




feet. 


feet. 


feet. 


feet. 


1856, Sept. 1. 


10,672 


- 30 


10,704 


- 10 


2. 


10,680 


— 38 


10,715 


- 21 


3. 


10,695 


- 53 


10,731 


- 37 


4. 


10,715 


- 73 


10,768 


- 74 


; 5. 


10,699 


- 57 


10,754 


- 60 


6. 


10,695 


- 53 


10,726 


— 32 


8. 


10,618 


+ 24 


10,666 


+ 28 


9. 


10,627 


+ 15 


10,656 


+ 38 


11. 


10,646 


- 4 


10,708 


- 14 


12. 


10,6:30 


- 38 


10,747 


- 53 


13. 


10,692 


- 50 


10,758 


- 64 


15. 


10,534 


+ 108 


10,597 


+ 97 


16. 


10,559 


+ 83 


10,617 


+ 77 


17. 


10,482 


+ 160 


10,562 


+ 132 



Boiling-point Thermometer, 

A boiling-point thermometer, made by Mr, Adie of Edinburgh, graduated to tenths, 
and reading to hundredths of a degree, and since admirably tested by my friend 
Mr. Welsh of the Kew Observatory, was observed with at Guajara, Alta Vista and the 
Peak, but not so often as I see would have been desirable; so that I can only now 
state that for approximative purposes Captain Boileau's Tables are* most satisfactory, 
giving by two observations the height of Guajara subject to a correction of +40 feet, 
Alta Vista +70, and the Peak —26; the corrections of simultaneous barometrical 
altitudes being +122, +98, and -2 feet. 

(6.) Peripatetic Observations. 

In all the journeyings up and down the mountain, the altitudes were measured by 
myself with a sympiesometer, especially made for the occasion by Mr. John Adie. 
From the simultaneous readings of this instrument with the barometer at Orotava, 
Guajara, and Alta Vista, a temperature and an altitude correction have been made out, 
and have been applied in every case to reduce the sympiesometer reading to what our 
barometer, corrected, would have shown at the same place and time. The calculation 
of the height was then performed as with a barometer reading. The height so found 
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was corrected further for the variation of barometric height with the hour of the 
day, as indicated by the observations already given, and arranged in the following 
approximate Table, where the sign shows the manner in which the tabular feet are to 
be applied as corrections to the barometrical, to give the true altitude ; the arguments 
along the top of the Table being the approximate height of the station, and on the side, 
the hour of the day, apparent solar time. 



Correction for Barometrical Altitudes for hour of day, 






and approximate height. 






Approximate altitude of station in feet. 


Approxi- 












mate solar 
time of ob- 


10,000. 


8000. 


6000. 


4000. 


2000. 


servation. 












h 












6 A.M. 


+ 15 


+ 12 


+ 8 


+ 5 


+ 2 


7 A.M. 


+ 5 


+ 4 


+ ^ 


+ 2 


+ 1 


8 A.M. 

















9 A.M. 


- 20 


— 15 


-10 


- 6 


- 3 


10 A.M. 


- 70 


-52 


-35 


-23 


-12 


11 A.M. 


-100 


-75 


-50 


-33 


-17 


P.M. 


-100 


-75 


-50 


-33 


-17 


1 P.M. 


-115 


-80 


-60 


-40 


-20 


2 P.M. 


- 95 


-72 


-50 


-33 


-17 


3 P.M. 


- 60 


-45 


-30 


— 20 


-10 


4 P.M. 


- 30 


-22 


-15 


-10 


- 5 


5 P.M. 


- 10 


- 8 


— 5 


- 4 


- 2 


6 P.M. 


- 5 


- 4 


- 2 


- 2 


- 1 



For the height of the Peak, measured during an ascent on September 8, and resting 
on five hourly observations from 11 a.m. to 4 p.m., a special method was employed. The 
barometer was simultaneously observed at Alta Vista, and gave the height of that sta- 
tion, for the interval, too high by 35 feet, this quantity being compounded of the daily 
and the hourly correction. Then increasing this quantity to 41 feet, for the proportion 
between the height of the Alta Vista and the sympiesometer station in a cleft on the 
western side of the crater at the summit of the Peak, and levelling thence to the culmi- 
nating point of the whole, a part of the north-eastern wall of the crater, we have 12,198 
for the height of the Peak of Teneriffe. 

A series of heights of notable points will then run as follows : — 

to r Engl. feet. 

Culminating point of the Peak .......... 12,198 

Base of small cone on the eastern side, or Eambleta . . . 11,745 

Narix 11,600(1) 

Ice cavern 11,044 

AltaVista 10,702 

Estancia de los Ingleses . . . . 9,710 

Base of steepest portion of great cone of eruption, where it 

adjoins Montana Blanco ............ 8,930 



o 
*-£ 
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Engl, feet, 
Guajara, or culminating point of wall of great crater of elevation . 8,903 

Floor of crater of elevation, generally 7,200 

Cafiadas, or outer boundary of the floor . 6,900 

From this last level there is a nearly uniform descent on the Orotava side, at an angle 
of about 12 degrees to the sea beach. 

The height of the Narix entered above, is derived from the sympiesometer observa- 
tions made half an hour before reaching, and three-quarters of an hour after having 
passed it, on our slow ascent of the Peak on September 8. The instruments were 
observed also at the Narix, i. e. within about ten yards of the little vent-hole, out of 
which about as much steam was issuing as a 2-inch pipe might supply from a low- 
pressure boiler. As far as I knew at the time, the Narix observations were equal in 
value to any that were made that day, and were accordingly computed with the rest ; 
they gave a height of 11,868 feet, or upwards of 100 feet higher than the next observa- 
tion-point which we reached in our continual ascent of the regular slope of the moun- 
tain. A difference of 10 degrees in the temperature at the Narix and the other stations 
looked at first like an error of observation ; but on referring to the original note-book, 
and finding that the increase was not an exact ten, and had been participated in by the 
thermometer of the sympiesometer, the dry-bulb and the wet-bulb, there could be no 
doubt of the observations being good, and fully trustworthy in as far as lay in them. 

The instruments then may be considered to show that there is an escape of volcanic 
heat at this point; and seeing that the depression of the dew-point is somewhat increased 
also, we may look on the steam as a consequence rather than the cause of this local 
warmth. Reducing the temperature above and below the Narix to the mean for 24 
hours, and taking the mean of them, 46°* 7 is given as the true temperature of the level 
of that spot, the observed, after similar correction, being 57 0, 5. Similarly with the 
depression of the dew-point, 28°*7 ought to have been found, but the instrument 
showed 32°-2. 

(7.) Meteorological Descent and Ascent of the Mountain. 

In descending from Alta Vista to Orotava on August 25, and ascending again on 
August 30 with the large equatorial, I took the opportunity of making careful meteoro- 
logical observations, placing the instruments we had used on the mountain in a sort of 
portable observatory, or tall box, fastened on a mule in such a position as to hang nearly 
vertical ; and, while made with numerous openings above and below and on the sides, to 
admit of the circulation of air, it was covered outside with bright tinfoil, to guard against 
effects of solar radiation. The mule was stopped whenever observations were to be made, 
or the wet-bulb to be wetted ; and the results are as worthy of confidence as those made 
at one of the stationary positions. They were, however, necessarily loaded with the 
hourly variations, and to eliminate these, tables of double entry have been constructed 
to reduce the thermometer and depression of dew-point, observed at any instant, to the 
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mean for 24 hours, at all levels from to 11,000 feet; the materials for the construc- 
tion of the Table being afforded by the results already given for Alta Vista, Guajara, 
and the yacht at Santa Cruz. These corrections having been applied, we have in the 
resulting quantities only the effect of height, wind, and such local circumstances as 
would affect also instantaneous ascents and descents of the mountain, were such pos- 
sible. 

The quantities are thus for August 25 : — 





Temperature 


Dew-point 












Height in 


reduced to 
mean of 


depression 
reduced to 


Humidity, 
saturation 


Wind. 


Clouds. 


feet. 


twenty-four 


mean of 
twenty-four 


-100. 






















hours. 




Velocity. 


Direction. 


Upper. 


Lower. 










miles per hour. 








10,710 


64-5 


29*1 


37 


1 


S.E. 





Dense. 


9,769 


63-6 


31-4 


34 


2 


w. 


— 


— 


8,870 


63-9 


30-6 


36 


3 


w. 


_ 


— 


8,375 


65-8 


36-6 


29 


6 


w. 


— 


— , 


8,236 


67-9 


41-4 


24 


3 


s.w. 


— 





7,436 


70-6 


35-5 


32 


1 


s.w. 


. — 


— 


7,186' 


71-8 


38-9 


27 







. — 


— . 


6,936 


72-5 


33-2 


33 


— 


_ 


— . 


— 


6,758 


73-1 


33*0 


33 


— 


— 


_ 


— 


6,702 


73-5 


31-9 


35 


2 


N. 


— 


. — 


6,069 


75-0 


29-4 


38 


2 


N. 


— . 


— 


5,470 


75-8 


32-7 


34 


1 


N. 





Dense. 


5,025 


76-6 


31-7 


35 


2 


N. 


- — 


— 


5,448 


81-4 


20-1 


52 






— 


— 


3,379 


85-3 


18-6 


55 







_ 





2,460 


81-3 


17-7 


57 


2 


N. 






1,948 


75-8 


12-9 


66 


3 


N. 


70 




l v 651 


75-0 


12-8 


66 


2 


N.E. 


80 




1,000 


73-6 


9-9 


72 







80 




803 


74-0 


10-7 


70 







80 




548 


74-1 


11-4 


69 


2 


N.E. 


30 




324 


74-3 


10-5 


71 


1 


N.E. 


20 




5 


74-7 


10-6 


71 







3 




24 


75-7 


11-0 


70 
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And thus for August 30 :- 





Temperature 


Dew-point 










Height in 


reduced to 
mean of 


depression 
reduced to 


Humidity, 
saturation 


Wine 


1. 


Clouds. 


feet. 


twenty-four 
hours. 


mean of 

twenty-four 

hours. 


= 100. 








Velocity. 


Direction. 


Upper. 


Lower. 










miles per hour. 








13 


7§-8 


6-8 


80 





... 


ion 




304 


75-6 


6-6 


81 


— 




— 




839 


74-1 


6-6 


81 










1,435 


73-2 


6-1 


82 










1 5 837 


72-7 


5-8 


83 




... 


" r 


Near level of 


2,292 


73-0 


5-6 


83 





... 


SO < 


cloud, but it 
is dispersing. 


3,460 


74-1 


6-9 


80 





... 


I 2C) \ 
1 O hot J 


Dense to sea- 
ward. 


3,696 


75-4 


6-3 


82 


... 


... 


30 




4,157 


76-7 


14-4 


62 







50 


Dense. 


4,769 


75-7 


10-5 


71 




N.W. 


7o 


— 


5,160 


73-9 


20-5 


51 




N.W. 


7n 


— 


5,904 


71-9 


26-4 


41 




... 


7n 


— 


6,521 


70-2 


24-4 


44 




N. 


7o 


— 


6,875 


69-0 


25-3 


43 




N. 


5n 


— 


7,234 


64-9 


23-3 


46 


3 


N. 


5n 


— 


7,792 


67-9 


25-3 


, 43" 


3 


s.w. 


5n 


— 


8,260 


65-2 


21-8 


48 


4 


s. 


5o 


— 


8,976 


60-5 


19-7 


51 


3 


s.w* 


50 


— 


9,662 


52-8 


13-0 


64 


1 


s.w. 


3 0\_\ 


— 


10,710 


47-4 


7-2 


78 


2 


s.w. 


3\and O 

Cloud on Peak 
or close above 
station. 





These quantities are likewise exhibited in the Plates XXXVIII. and XXXIX. 

The first result deducible from the two preceding Tables, is the remarkable confirma- 
tion which they give, of Mr. Welsh's discovery in his balloon ascents, of a break in, # or a 
very great anomalous deviation from, the law of decrease of heat with the elevation, at a 
height of a few thousand feet above the sea. The reason of this anomaly seems to be indi- 
cated at the same time ; for it occurs not at any passage from one wind to another, not 
at any break in the slope of the mountain, but at the level of the cloud stratum. This 
is the only noteworthy circumstance that can be found accompanying the deviation from 
the law, and may arise partly from the reflexion of heat by the brilliant upper surface 
of the cloud, and partly, as suggested by Mr. Welsh, in connexion with the conversion 
of latent into sensible heat, dependent on the condensation of vapour into cloud. In 
either case, the practical result is the same ; viz. that at any moderate height above the 
clouds, the temperature of the air is by no means so low as might have been computed 
from the usual hypsometric idea of gradation. 

The second result is, further confirmation to Gkeen's and Sabine's, of Daniell's con- 
clusion of dryness above the cloud stratum. From the sea-level to the clouds, 3000 feet 
high, the depression of the dew-point is small, but immediately after passing that height 
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the depression increases from 10° to 30 p . On August 25, however, a rapid diminution is 
indicated at about 10,000 feet, and the concomitant circumstance is observed, that there 
is that day a cloud on the top of the Peak (12,000 feet high) ; and as in ascending we 
gradually came underneath the mist, we were evidently approximating to the conditions 
of our starting from the sea-level, with the 3000-foot stratum of cloud above us. 

A third result we may draw is, that while the expected difference was found between 
the wind at the top and bottom of the mountain, viz. S.W. above and N.E. below, the 
stratum of cloud was not found in the space between the two, but in or below the 
middle of the N.E. current of air. This was certainly only the mountain cloud, which 
is limited in horizontal extent to a few miles ; but even the sea- or the true N.E.-cloud, 
which was far more extensive, — stretching, in fact, as far as the eye could observe, when 
many thousand feet above it, — only reached to between 4000 and 5000 feet of elevation, 
while the N.E. wind extended in height from the very sea itself to about 9000 feet. 
This was the general state of things for over two months at Guajara, when the weather 
was settled in its N.E. trade ; and it may be perhaps only when a storm comes to break 
up the adjustment, that a cloud finds itself occasionally, as may be seen about Table 
Mountain in South Africa, between two opposite currents of air, and made to spin round 
and round by their opposing action. 

(8.) Electricity. 

For upwards of a month, an electrometer (lent by Mr. Airy) was observed daily on 
Guajara. The instrument had travelled so safely, that the two strips of gold-leaf that 
had been attached in England, were found in good working order in Teneriffe. The 
glass bell, however, having unfortunately been fixed by the maker in a wooden base, the 
contraction of this from excessive drought at last broke the bell. During the whole 
period of observation by day and by night, the electricity was moderate in quantity, and 
always resinous; this was during the season of the N.E. trade-wind, and within its 
influence, though above its clouds. Had the instrument lasted longer, something more 
varied, if not more interesting, would have been found ; for our subsequent experiences 
at Alta Vista introduced us to a different current of the atmosphere, and at last to a 
complete change of weather; and on the very day that we left, September 19, a heavy 
shower of rain fell, accompanied with a cloud on the Peak, two or three flashes of light- 
ning, and somewhat loud thunder. This was the first electric display we had seen since 
entering the region of the trade-winds on July 5, in lat. 37°, and it certainly came from 
the S.W. Occasionally I had thought at Guajara that there were indications of elec- 
tricity in the forms of the clouds floating at a great height over the station from the 
S.W.; and on the night of August 1st and the morning of August 2nd (see Meteorological 
Journal), I watched with intense interest a large cloud that remained stationary over 
the mountain for seven hours, and was every moment altering its form, fitfully and 
instantaneously, more like an aurora than a cloud. On no occasion, however, was the 
electrometer affected ; and on no occasion, indeed, did we cease to be under the domina- 
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tion of the lower polar current. At the sea-level there was a similar absence of electri- 
city during the summer ; but I have since been informed by a letter from my friend 
Mr. Hamilton of Santa Cruz, that when the autumn set in there below in November, 
as it had done above in September, it brought S.W. wind, rain, and snow with it, and 
so much electricity, that a house in Orotava was destroyed by lightning. 

(9.) Alt a Vista Storm of September \Uh. 

From August 30th a decided change from the long-continued routine of the summer 
weather took place ; a cirrous cloud formed on the Peak that day, immediately above 
our heads at Alta Vista; and the appearance of the fibres of misty cirri dissolving, 
reforming, and driving over the mountain top, was dazzlingly beautiful. I have had 
abundant experience of ordinary clouds on mountain tops, under 6000 feet in height; 
but they were always dull foggy mist, in fact Newton's " grosser clouds ; " and I can 
therefore speak positively to this " cirrous " cloud on the Peak being something unusual 
in its nature and mode of composition. A strong S.W. wind blew subsequently for 
three days ; and though the weather settled again, we could not but be struck with the 
change that had occurred in the N.E. cloud. Still it formed its usual stratum at about 
4000 to 5000 feet high, but its long rolls of cumuloni were broken up into separate and 
distinct cumuli ; and on the south side of both TenerifFe and Grand Canary we could see 
similar bodies of clouds advancing from the S.W., climbing the steep sides of the island, 
and contesting the possession of the ridges day after day with the N.E. clouds. This 
remarkable aerial combat was carried on under our eyes with various success until Sep- 
tember 11th, when the S.W. cloud obtained a preponderance, with a sinking barometer. 
The next day the S.W. cloud was decidedly the victor, while the N.E. cloud, simply to 
describe the actual facts, was retiring before it in broken and disorganized masses. The 
following day the barometer rose from 20*363 to 20*410, and the succeeding morning, 
the 14th, to 20*473; at this time, however, were perceived on the sea, between TenerifFe 
and Grand Canary, extraordinary appearances of some unusual and grand current from 
the S.W., for there were long curved lines traceable for fifty or more miles in their 
length, indicating a stream setting in between Teneriffe and Canary. The sky soon after 
became cloudy above our heads ; at 1 p.m. a sudden and heavy shower of rain and hail 
came down ; at 5 p.m. the cloud descended upon Alta Vista ; and at 7 p.m. heavy rain 
began with a violent wind from the S., producing more than 2 inches of rain in a gauge 
before the next morning. 

During this period the barometer remained almost stationary, the temperature was 
lowered five or six degrees ; but the remarkable change was in the dew-point. At 9 a.m., 
on the 14th, the amount of depression was 46°*1 ; at 3 p.m. it was 22°*5 ; at 5 p.m. 2°*5; 
and at 10 p.m. as low as 0°*8. 

On the 15th the depression was as low as 0°*5, but the active part of the storm had 
passed; the wind, which had been estimated during the previous night at a velocity of 
fifteen miles per hour, lowered to seven and to five, the cloud elevated itself so as just 
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to clear Alta Vista by about 300 feet, and at 8 p.m. the depression of the dew-point 
was 1°*1. 

On the 16th the barometer had risen to 20*632, the temperature increased from 39°, 
its lowest, to 43°; and the depression of the dew-point to 5°-3. 

During these days, and until the 19th, when we left the mountain, the sky was con- 
tinually cloudy, i. e. there was a stratum of cloud at a height greater than 12,000 feet, 
in addition to the lower stratum at 4000 feet, and this upper bed was eminently hazy 
and misty. The sun by day, and the moon by night, were seen as pale and watery as 
they are in the generality of English weather ; the autumn had in fact set in on the 
mountain top, and that locality had lost its specialities as a site for astronomical 
observations. 

On descending the mountain, beyond the N.E. cloud being broken up and scattered, 
we found that no perceptible change in the weather had been experienced below. On 
the night of the 14th, when we on the mountain were fearing that the station at Alta 
Vista would be undermined or be washed away by the torrents of rain, not a drop had 
fallen on either the N. or S. coast of the island ; nay, even a party of visitors who had 
left us at about 3 p.m. on that day, after the hail-storm, gained the bottom of the 
mountain without any more wet; and on referring to the Captain's journal on board 
the yacht, some of the warmest weather of the whole season occurred with him, when 
we were at the wettest and coldest on the mountain. 

The storm then, which, with all its accompaniments, we are justified, by the con- 
tinual degradation of temperature going on during the whole period of our tenure of 
Alta Vista, in considering as the commencement of autumn, was confined to the upper 
regions of the atmosphere and the mountain top, not descending probably below 9000 
feet of elevation. This circumstance in itself, viewed as part of a general law, will 
cause a different rate of decrease of the heat of the atmosphere with altitude, at different 
seasons of the year ; for, in September for instance, we should be stepping from summer 
below to autumn above ; and the actual difference found, will be further increased, if 
there be an upper stratum of cloud to reflect back the heat of the sun, in the same 
manner as the lower stratum was found to do in our meteorological journeys. There 
was, too, such an upper stratum on September 14th and following days; and it appeared 
also to produce the lowering of the temperature above described, as well as the lessen- 
ing of the depression of the dew-point. As all these matters are so intimately con- 
nected with the theory of refractions and of barometrical altitudes, I subjoin a list of 
daily differences of mean temperature at the sea-level, and at the height of 10,702 feet 
as observed : — 
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August 21 








18-9 


September 8 






24-5 


August 22 








16-7 


September 9 






22-3 


August 23 








. 14-1 


September 11 






25-3 


August 24 








17-0 


September 12 






30-1 


September 1 








29-2 


September 13 






29-2 


September 2 








. 29-5 


September 14 






. 32-5 


September 3 








. 27-5 


September 15 






39-6 


September 4 








24-6 


September 16 . 






36-9 


September 5 








22-2 


September 17 






34-1 


September 6 








23-9 











[Section added during the printing.] 

(10.) Epoch of maximum Summer Heat. 

Most intimately connected with the results just given, must be the epoch of maximum 
annual heat at the surface of the ground ; and attention was called in 1820 by the learned 
Leopold von Buch, to a very remarkable anomaly in the annual march of temperature 
for Las Palmas, the capital of Grand Canary ; in accordance with which the greatest 
heat was experienced there in the month of October; and this result seemed all the 
more noteworthy, as a series of observations at Santa Cruz, in Teneriffe, showed, he 
thought, no deviation of a similar kind. 

On comparing, however, the numbers given by him with the more numerous results 
since ascertained for other parts of the world, it appeared to us that the Santa Cruz 
epoch of greatest heat, though earlier than that of Las Palmas, is yet sensibly behind 
the normal period. The question therefore was then raised, — Does the anomaly still exist, 
and to what amount ? Our own observations extend over too short an interval to settle 
the point ; but some of the instruments which we left behind in Orotava, furnished to us 
in the first instance by the liberality of Admiral Fitzroy, have since been used with so 
much intelligence, and observed with daily for a period of thirteen months, by Herr 
Kreitz, watch-maker of that city, that they have afforded valuable data for the purpose ; 
and the results of his 9 a.m. observations alone are exhibited in the following Table, 
together with those on which Von Buch depends, viz. 10 years' observations ending, it is 
believed, in 1816, in Las Palmas, Grand Canary, by Dr. Bandini de Gatti, and 2-J years 
of observations in Santa Cruz de Teneriffe, by Don Francisco Escolar in 1808, 1809, 
and 1810. These are reduced, for facility of comparison, to Fahrenheit's scale; not 
so much, be it remembered, for contrasting their absolute temperatures, which would 
include instrumental corrections that are unknown, in addition to secular changes, as for 
the sake of their differences from month to month, which are free from those manifest 
sources of error. 
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Las Palmas, Grand Canary. 



Mean of 

ten days, 

Fahr. 



62-19 
62-15 
61-63 
63-54 
63-52 
64-06 
64-44 
64-54 
65-28 
66-06 
66-47 
66-40 
67-55 
68-45 
68-68 
69-19 
70-14 
70-63 
72-46 
74-10 
74-34 
75-72 
76-21 
76-71 
79-14 
80-56 
82-36 
84-70 
84-96 
82-69 
76-96 
70-97 
67-96 
64-44 
62-87 
62'69 



Mean of 
month, 
Fahr. 



>69-99 



J 



Puerto de Orotava. 



Mean of 

ten days, 

Fahr. 



1856. 



Mean of year 70-41 



75-63 
77-56 
76-18 
75-71 
74-02 
73-03 
75-41 
73-13 
68-41 
64-30 
69-84 
66-19 
62-25 



Mean of 

ten days, 

Fahr. 



1857. 

61-56 

61-68 

59-94 

59-59 

60-43 

61-51 

61-08 

62-95 

64-83 

68-38 

67-30 

67-38 

70-69 

70-22 

70-94 

73-00 

73-44 

76-54 

75-47 

76-48 

78-01 

76-35 

76-26 

77*82 

79-14 

77-72 

74-24 



Mean of 
month, 
Fahr. 



>66-09 



Santa Cruz de Teneriffe. 



Mean of 
ten days, 
Reaum. 



Mean of 

ten days, 

Fahr. 



69-65 



64-04 

63-70 

64-58 

62-60 

63-86 

64-65 

66-67 

66-96 

66-74 

67-08 

67-73 

67-48 

69-55 

72-07 

73-94 

73-13 

73-67 

74-86 

76-14 

77*40 

78-06 

79-12 

79-32 

77-56 

78-17 

76-91 

77-07 

76-37 

74-80 

72-79 

72-61 

70-43 

68-22 

67-98 

66-58 

64-08 



Mean of 
month, 
Fahr. 



>73-89 



>78-67 



•38 



>7Q-42 



i 



66-21 



71-02 



From this Table then we may gather, that while the epochs of minimum temperature 
for the three places are nearly normal, viz. January 20, February 5, and February 1, the 
times of maximum are October 12, September 5, and August 18; all of them too late, 
and Las Palmas most notably so. Their mean temperatures, however, do not differ 
much, and Las Palmas, it is worthy of remark, is not the highest of them ; but their 
differences of semi-annual extremes, or 22°*13, 16°'25, and 14 0, 97, are extremely discord- 
ant, and increase continually with an expressive " continental " character, so to speak, 
or in remarkable accordance with the actual retardation of their summer waves of heat ; 
a circumstance which would have been exactly reversed, if the drag had resulted from 
the presence of proportionate depths of badly conducting matter, as with earth-thermo- 
meters. 
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The case is therefore altogether most deserving of further inquiry, which, to be suc- 
cessful, must be prefaced by more observations, not only at many different points in the 
Canarian Archipelago, but at several levels in the atmosphere ; for on the different 
superimposed currents of air, and their respective strata of cloud, it is very evident that 
a large part of the anomalies of terrestrial-surface climate most intimately depend. 

(11.) Tidal Observations. 

The exposed condition of the Santa Cruz beach offered more difficulties to carrying 
on tide observations than had been expected, or than I should have been able to over- 
come, but for the warm cooperation of Mr. Lewis Hamilton, and more particularly of 
Don Francisco Aguilar, the Engineer of the Mole, who being engaged on some repairs 
of that structure, kindly undertook the building of such a vertical trough as should be 
secure from the severe swell usually prevailing. This tide-gauge was only completed on 
the day of my leaving Santa Cruz : and I could do little more than admire the regularity 
of the rise of the rod, though the tide came in with great rollers ; test the divisions 
engraved on it, which proved to be English feet and inches ; and arrange for the making 
of some observations, which the Don most obligingly offered to superintend. 

The first point to be inquired into was the probable existence of any hitherto un- 
recognized anomaly in the tide-wave. To detect any such feature, Don Francisco 
Aguilar kept up observations at five-minute intervals, from 5 o'clock in the morning of 
the 13th to 9 o'clock in the evening of the 16th of October, 1856. 

On projecting these numerous and, I believe, most carefully registered measures, 
the tide-wave appeared most satisfactorily single ; and on communicating them to 
Dr. Whewell, he expressed himself perfectly content with their freedom from any 
feature requiring observations at other instants than about the times of high and low 
water in the ordinary manner. 

Matters were thus far cleared and made ready for the next investigation ; but before 
the requisite instructions could reach Santa Cruz, the alterations of the Mole had reached 
the part where the tide-gauge stood, and compelled its removal. The authorities were 
again very obliging in giving their permission to the machine's re-erection at a different 
spot ; but this I was not able to undertake. 

The Don's observations, already alluded to, are contained in full in volume 1, and give 
the following times and heights of low and high water : — 
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Time 






Moon's meri- 




Date. 




Low-water 


High-water 


dian transit, 


Luni-tidal 




Santa Cruz. 


depth. 


height. 


South and 
North. 


interval. 


1856. 


h m 


ft. inches. 


ft. inches. 


h m 


m 


October 12. 


17 27 


3 6-12? 










23 42 




4 5-00 


23 23 


-19 


13* 


5 52 


3 11-75 










12 3 




3 10-75 


11 49 


-14 




18 3 


3 10-25 








14. 


23 

6 28 


3 Vl-00 


4 6-25 


16 


- 7 




12 46 




3 11-75 


12 43 


- 3 




18 51 


3 9*50 








15. 


1 9 

7 14 


3 7-00 


4 3-75 


1 11 


+ 2 




13 34 




3 8-87 


13 40 


+ 6 




19 30 


3 7-50 








16. 


1 45 

8 


3 * 2-87 


3 8-00 


2 10 


+ 25 



Projections of the above tides indicate 8 feet 3*25 inches as the amount, and thirteen 
days twenty-two hours as the epoch of extreme rise and fall, or 12 h 4 m after the instant 
of full moon. The minutes thus given, and to some extent the hours also, must be 
taken only as an accidental result of the numbers employed, but come curiously close 
to the intervals between the times of high water and the moon's transits as given in the 
last column of the above Table, where the mean of the whole comes to 1 minute, or with 
12 hours added, to 12 h l ra . 

These numbers, on being compared with the only published statement I have been 
able to meet with of the tide at Teneriffe, appear, by their difference therefrom, to 
justify some further inquiry into them for scientific purposes, at the same time that 
their differences inter se, at first looking anomalous, but soon proving to be correct, as 
shown particularly in the semidiurnal differences of the high waters, indicate the accuracy 
of Don Francisco Aguilar's observations. 

A barometer, kindly lent by Admiral Fitzroy, was observed by Mr. Hamilton of 
Santa Cruz- during the above observations, and within half a mile of the place where 
they were made. The differences were so small, that no attempt has been made to 
correct the height of the tide for them. At 3 p.m. and 9 p.m., the maximum and mini- 
mum nearly of the atmospheric wave, the readings were thus : — 





3 P.M. 


9 P.M. 




inches. 


inches. 


October 13. 


30-21 


30-23 


14. 


30-20 


30-23 


15. 


30-22 


30-23 


16. 


30-20 


30-23 
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TENERIFFE ASTRONOMICAL EXPERIMENT. 

Comparison 0/ * Daily Means at the Sm^-level and, at Gzuyara. 
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TENERIFFE ASTRONOMICAL EXPERIMENT. Iha,.fraw.mOGG]Nm,Hale7mnL 
Meteorological descent from AUxu Vista, bo Orotavw ISfy August 1856. M.P. 5. 
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TENERIFFE ASTRONOMICAL EXPERIMENT. Thil.Trcm*mCCCIMLPlatelXHK. 
Meteorological ascent -from Orobava, bo Alba, Vista, 30%- Awgusb,1856. M. P. 6 . 
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